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GEOLOGY  AND  WATER  RESOURCES  OF 
OKLAHOMA. 


By  Charles  Newton  Gould. 


INTJKJDTTC^TION. 

Loeatian    and  general  description, — Oklahoma  is  situated   in  the 
southern  part  of  the  (ireat  Plains,  its  northern  l>oundary  being  the 
thirty-seventh   parallel  of  north  latitude.     On  the  west  the  greater 
I    part  of  the  Territory  is  bounded  by  the  one  hundredth  meridian,  but 
f    the  northwest  corner,  Beaver  County,  ^5  miles  in  width,  extends  west 
i    of  this  meridian  for  a  distance  of  105  miles.     The  southern  and  east- 
em  boundaries  are  irregular,  and  are  sometimes  rivers  and  sometimes 
parallels  or  meridians.     In  places  it  extends  south  to  the  thirty-fourth 
parallel  and  e^st  to  the  ninety-sixth  meridian. 

The  area  of  the  Territory  at  the  present  time  is  39,030  square  miles, 
about  that  of  Ohio;  the  population  is  305,000,  and  the  assessed  value 
of  taxable  property  $85,000,000.  Its  resources  are  chiefly  agricid- 
I  tural,  although  minerals  are  known  to  exist  in  various  localities.  Oil 
and  gas  are  present  in  various  parts  of  the  Territory,  but  Oklahoma's 
greatest  mineral  wealth  consists  of  inexhaustible  deposits  of  gypsum 
and  salt,  which  occur  chiefly  in  the  western  part  of  the  Territory. 

Soitrcea  of  data, — The  work  which  forms  the  basis  for  this  report 
was  carried  on  in  the  field  and  office  during  the  years  1900-1903.  In 
1^)  the  writer  was  a  member  of  a  field  party  of  the  Oklahoma  Geo- 
logical Survey,  and  in  1901,  in  connection  with  Mr.  Joseph  A.  Taff, 
spent  a  month  making  a  map  of  the  Wichita  Mountains.  In  1902  he 
had  charge  of  the  field  parties  of  the  Oklahoma  (leological  Survey, 
which  studied  the  gypsum  deposits  in  the  western  part  of  the  Terri- 
tory; and  in  1903  made  a  reconnaissance  in  western  Oklahoma,  south- 
western Kansas,  southeastern  Colorado,  northern  New  Mexico,  and 
the  Panhandle  of  Texas  to  determine  the  water  conditions  along  the 
upper  courses  of  South  Canadian,  North  Canadian,  and  Cimarron 
rivers.**     In  addition,  many  short  trips  have  been  made  to  various 

■Gould.  Chas.  N..  Reconnalssanre  in  western  Oklahoma  and  adjacent  areas:  Second 
AiUL  Rept.  Reclamation  Service,  1904,  pp.  423-4:j2. 
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parts  of  the  Territory.  Since  November,  1902,  more  thai 
blanks  and  requests  for  information  regarding  wells  and  sprii 
been  sent  out  and  approximately  5,000  replies  have  been  reeeiv 

The  writer  has  been  very  ably  assi^jted  by  several  advanced 
in  the  University  of  Oklahoma.  Mr.  Pierce  Larkin  has  ha< 
of  the  subject  of  springs,  Mr.  Charles  A.  Long  of  deep  wi 
Charles  T.  Kirk  of  rivers.  All  of  these  gentlemen  and  Mr. 
A.  Reeds,  who  has  also  assisted  in  the  office  the  past  year,  we 
l)ers  of  the  field  party  during  the  season  of  1903.  Mr.  Kirk 
Reeds  have  drawn  the  greater  part  of  the  maps  and  figurea 
of  the  plates  are  from  photographs  made  by  Dr.  A.  H.  Van  ' 
the  Oklahoma  Geological  Survey. 

The  water  analysis  has  been  made  under  the  direction 
Edwin  DeBarr,  professor  of  chemistry  in  the  University  o 
homa,  largely  by  his  assistants,  Mr.  R.  S.  Sherwin  and  Ml 
Gridley,  students  in.  the  university ;  and  by  Professors  Fie 
Holter,  of  the  Oklahoma  Agricultural  and  Mechanical  C^olleg 
gypsums  and  clays  were  analyz.ed  by  Mr.  Sherwin,  while  th 
analyses  were  compiled  by  Mr.  Gridley. 

TOPO(4RAriIY. 
GENERAL.  FEATI  UES. 

The  topographic  features  of  Oklahoma  are  due  to  the  fact 
is  part  of  a  region  which  was  formerly  a  i)lain  which  w« 
down  nearly  to  sea  level,  then  elevated,  and  again  eroded.  1 
face  slopes  eastward  at  an  average  rate  of  about  8  feet  to  tl 
The  highest  point  in  the  Territory,  api)roxinuitely  4,500  fee 
Black  Mesa,  a  lava-covered  table-land  which  extends  from  C 
into  the  extreme  northwestern  corner  of  Beaver  County.  Th< 
elevation,  about  700  feet,  is  in  the  southeastern  corner  ol 
Nation,  where  Arkansas  River  flows  from  Oklahoma  into 
Territory.  Cross  sections  made  at  various  points  in  Oklahc 
shown  in  PL  I. 

In  general,  the  rocks  of  eastern  Oklahoma,  Kansas,  and  the 
Territory  dip  to  the  west  or  southwest,  while  the  country  si 
the  east.  In  most  localities  the  dip  is  from  10  to  20  feet  to  tl 
If  the  surface  were  level,  an  outcropping  ledge  would  be  1 
feet  below  the  surface  1  mile  to  the  west  of  its  place  of  outcro 
cause  of  this  fact  the  highest  rock  on  a  north-  or  south-facing 
ment  is  found  lower  and  lower  in  the  valley  to  the  west,  until  ii 
disappears  under  the  bed  of  a  stream,  and  still  farther  west 
penetrated  in  a  well  many  feet  underground.     In  the  meantin 
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^s  outcrop  and  in  turn  dip  into  the  valley,  disappear  beneath  the 
?am  bed,  and  are  succeeded  by  others  still  higher. 
This  peculiar  combination  of  slope  of  surface  and  dip  of  rock, 
x*ther  with  the  erosion  of  the  exposed  ledges,  gives  the  marked 
:air-step  "  structure  to  so  much  of  the  Great  Plains.  Westward 
hills  risi*  constantly  higher  and  higher.  Such  conspicuous  forms 
relief  as  the  Flint  Hills,  the  Dakota,  Sandstone  Hills,  or  the 
psum  Hills  of  Kansas  and  Oklahoma  are  simply  somewhat  exag- 
rated  example^^  of  this  phenomenon.  These  hills  are  more  con- 
icuous  because  local  conditions  of  sedimentation  or  erosion  have 
ide  them  higher  than  the  surrounding  region,  but  there  are  scores 
less-marked  escarpments. 

The  forms  of  relief  of  Oklahoma  are  the  result  of  two  factors: 
rst,  certain  broad  structural  zonas  striking  in  a  general  northeast- 
uthwest  direction,  and,  second,  the  alternation  of  high  divides  and 
lallow  valleys  rt^sulting  from  stream  erosion.  Six  streams  of 
msiderable  size  cross  these  structural  zones,  approximately  at  right 
igles,  and  produce  a  sort  of  checkerboard  of  upland  and  valley, 
at  prairie  and  broken  country,  which  extends  north  into  Kansas 
fid  south  into  Texas.  This  arrangement,  however,  can  be  distin- 
uished  in  its  broader  outlines  only  by  one  who  is  thoroughly  famil- 
ir  with  the  topography  of  the  entire  region.  The  only  exception 
)  this  general  topographic  plan  is  the  Wichita  Mountain  region, 
here  a  dome-shaped  mass  of  igneous  and  lower  Paleozoic  rocks  has 
een  thrust  up  from  l>elow,  afterwards  surroun^d  by  sedimentary 
>ck.s  and  still  later  extensively  ero<led,  so  that  the  range  appears  to  l)e 
series  of  buried  mountains  with  their  tops  sticking  above  a  vast 
lain. 

The  topography  of  Oklahoma  will  Ik»  discussed  with  regard  to  the 
matures  due  to  the  structural  zones  and  with  reference  to  valley 
"osion.  On  the  contour  map  (PL  I)  the  general  configuration  of 
le  Territory  is  shown.  Contour  lines  are  lines  of  equal  elevation 
Jove  a  certain  datum,  and  the  uniform  altitudinal  space  between 
Ijacent  contour  lines  is  called  the  contour  interval.  On  this  map 
le  datum  is  sea  level  and  the  contour  interval  is  100  feet.  If  a  per- 
>n  should  follow  one  of  these  contour  lines  he  would  go  neither 
phill  nor  downhill,  but  on  a  level.  If  an  area  is  gently  sloping,  the 
lies  are  far  apart:  if  it  is  a  steep  slope,  they  are  crowded  together: 
id  if  the  slope  is  actually  perpendicular  the  lines  will  touch.  They 
icircle  the  hills  and  recede  into  th(»  reentrant  angles  of  valleys,  indi- 
ting both  the  shape  and  elevation  of  the  relief  forms. 

With  the  exception  of  the  Wichita  Mountains,  there  are  compara- 
t^ely  few  conspicuous  relief  forms  in  Oklahoma.     In  the  0?.«igs^ 
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Nation,  in  the  iiortlieasteni  piirt  uf  the 
bordering  Arkmisiis  Rivor  the  sniaHeJ 
into  the  hard  liniesteMK*  iiii<l  .saiulistoiiej 
and  soutliwe.sttun  part  of  tht>  Terr  it  on 
that  rise  steeply  alKive  the  level  plain 
In  the  exti-enie  northwestern  eortier 
River  has  cut  a  canyon  of  consiileraWe  .h| 

With  the  exceptions  just  nientione<l, 
low  relief.     In  the  t-entral  and  western 
areas,  scinietiinuH  tlionsands  uf  sijiniit* 
level  plain  occupied  by  i)rosiwruiis  fan 
cities, 

FolloAving  a  general  classification  onl) 
lin«  definite  physiogi^aphic  areas,  becau 
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Oklahoma  may  be  divideJ  intci  the 
(I)   Wichita  Mountain  n^gion;     (2) 
(S)  I^>w  Plains  region;    (4)  (typsum  flij 
I'egion,  and    (B)    the  Dakota  Sandstone 
shown  in  fig.  L     It  is  possible  tliat  the 
sions  correspond,  at  h^ast  in  part,  to 
Canadian  Iwlts.^     Doctor  Adams  has 
Kansas  physiographic  divisions,  accordi 
of  ()klah(jina  is  included  uutlcr  Osage 
Great  Bend  Prairie,  Oklahoma  Prairie,] 
Plains,     It  has  not  been  found  practical 


*  Hill,  R.  T.,  Ot»«iffnifilij  and  j»tH»io^'  nf  1li<*  HL-m^I 
flrKt  Add.  liopl.  I  .  S.  tlmy].  Survey,  pl^  T*  UMU.  p, 
^  Adams,  O.   I*,  Vhyv\r^1^r^^{y\\\t!  tJlv^tHlonii^  of  Ku 
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of  either  Flill  or  Adams,  and  for  this  reason  new  terms  are  used.  It 
is,  however,  not  the  intention  of  the  writer  to  proix)se  these  names  as 
any  but  convenient  working  terms  for  purpose  of  discussion. 

WICHITA  MOUNTAIN  REGION.** 

The  Wichita  Mountains  constitute  tlie  westernmost  of  three  dome^s 

or  uphfts,  each  of  which  forms  a  separate  group  of  mountains.     Of 

these  the  easternmost,  to  which  the  term  "  Ouachitas  '■  has  sometime.s 

\>een  applied,  lies  in  southwestern  Arkansas  and  the  southern  part  of 

the  Choctaw  Nation.     In  the  Chickasaw  Nation  occur  tlie  Arbucklc 

Mountains  and  in  southwestern  Oklahoma  the  Wichita  Mountains. 

Some  authorities,  however,  notably  Hill,  use  the  term  *'  Ouachita 

Mountains  ■'  to  apply  to  the  entire  series  of  uplifts  and  designate  the 

easteniniost  of  these  as  the  Massern  ranges.^ 

The  Wichita  Mountains  differ  from  all  others  in  the  Territory  in 
that  they  are  composed  of  igneous  rocks,  chiefly  granite  and  porphyry. 
They  have  lx?en  eroded,  for  the  most  part,  into  peaks  which  vary  in 
height  from  a  few  hundred  to  perhaps  1,'iOO  feet.  The  main  range 
extends  west  from  near  Fort  Sill  for  a  distance  of  about  30  miles,  has 
w  average*  width  of  12  miles,  and  includes  among  others  such  pt^aks 
ts  Mount  Scott,  Mount  Sheridan,  Mount  Baker,  Haystack  Mountain, 
Signal  Mountain,  Saddle  Mountain,  and  Quanah  Mountain  (PI.  II, 
A).  West  of  this  main  range  to  beyond  the  North  Fork  of  Red  River 
are  scattered  a  number  of  smaller  range>^  and  peaks,  such  as  Raggedy 
Mountains,  Mount  Tepee,  Devils  Canyon  Mountain  (PI.  II,  5), 
Quartz  Mountain,  and  Headquartei-s  Mountain.  From  a  distance 
these  granite  peaks  present  the  regular  saw -toothed  appearance  no- 
ticed along  the  Front  Range  of  the  Rockies  or  in  the  Sierra  Nevadas, 
with  the  difference  that  the  Wichita  topography  is  more  subdued. 

On  the  north  and  east  for  a  distance  of  HO  miles  or  more  is  a  par- 
allel range  of  hills  composed  chiefly  of  hard  massive  limestone,  and 
on  the  east  and  south  are  small  rounded  knobs  of  similar  limestone. 
Tliese  limestone  areas  are  remnants  of  a  stories  of  Paleozoic  rocks 
which  once  extended  as  a  dome  over  the  igneous  rocks,  but  which  have 
been  (k^ply  eroded  since  the  dome  was  uj)lifted. 

On  all  sides  and  lx»tween  these  rang(»s  of  granite  and  limestone  the 
rocks  are  composed  of  '"red  beds''  shale  and  sandstone*,  with  local 
deposits  of  conglomerate.  In  other  words,  at  the  time  the  red  beds 
were  l^eing  de|)osited  the  Wichitas  were  probably  islands  in  the  sea. 
The  numerous  creeks  which  head  in  these  mountains  flow  either  south 
into  Red  River  or  north  into  the  Washita. 


•  For  detulled  dlucusalon  of  the  WichitiiH  set'  Tuflf,  Joseph  A..  Prof.  Paper  I'.  S.  (ieol. 
.<arvey  No.  31.  1904.  The  writer,  as  a  member  of  Mr.  Taff's  party  In  1901,  assisted  In 
preparing  a  Keologlc  map  of  theHe  mountains. 

•Op.  dt.  p.  37. 
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FLINT-SANDSTONE    IIIIJ^   KEOION. 

This  rt»gion  includes  the  Osage  and  Kaw  i-eservations  lying  east  c 
Arkansas  River,  Kay,  Noble,  Pawnee,  Payne,  Lincoln,  and  Pottawai 
oniie  counties,  and  the  eastern  part  of  Ix)gan,  Oklahoma,  and  Clev< 
land  countless.  It  comprises  in  its  noi-thern  pail  the  southern  extei 
sion  of  the  Flint  Hills,  which  sti'etch  from  Nebraska  across  Kansi 
into  Oklahoma.  Near  the  Kansas-Oklahoma  line  the  Flint  Hills  ooi 
sist  mostly  of  limestone  ledges  containing  large  numbers  of  flii 
concretions,  interlxulded  with  shales  and  sandstones,  but  in  the  Osa^ 
Nation  the  Umestones  thin  out  and*  most  of  the  ledges  disappei 
before  Arkansas  River  is  i^eached,  a  few  only  continuing  as  far  j 
Cimarron  River.  South  of  that  stream  the  rocks  are  almost  entire! 
red  shales  and  sandstones. 

The  pail  of  Oklahoma  north  of  the  Arkansas  is  characterized  I 
typical  limestone  topography — rounded  hills  and  knobs,  steep  sha 
slopes  with  numerous  rock  terraces,  and  rather  narrow  vallej 
The  principal  streams  are  Bird,  Hominy,  Salt,  Beaver,  Turkey,  ai 
Buck  creeks.  The  r<K»ks  dip  gently  to  the  west  and  southwest,  ai 
the  stair-step  arrangement  of  the  strata,  so  characteristic  of  certa 
parts  of  Kansas,  is  well  exhibited.  West  and  south  of  the  Arkans 
the  relief  is  not  so  pronounced,  as  the  limestone  ledges  become  thirni 
and  are  replaced  by  sandstones  and  shale^s.  Streams  have  cut  valle 
into  the  sandstone  ledges,  and  steep  but  low  bluffs  are  conspicuoi 
In  th(>  western  part  of  the  regi(m  the  topograi)hy  is  characteristical 
that  of  the  red  l)eds,  with  few  forms  of  relief  except  low  banks  alo: 
the  streams. 

IXJW    1»LA1NS    KECaON. 

In  the  IjOW  Plains  region,  which  includes  western  Kay,  Nob 
Logan,  Oklahoma,  and  Cleveland  counties,  eastern  Canadian,  Blaii 
and  Woods  counties,  and  the  greater  part  of  Kingfisher,  Garfie 
and  (irant  counties,  as  well  as  the  western  part  of  the  Chickasi 
Nation,  the  topograj)hy  is  rolling.  Steep  bluffs  are  rare,  and  hi 
knobs  are  practically  unknown.  Rivers  of  considerable  size — Si 
Fork,  Cimarron,  North  Canadian,  and  wSoutli  Canadian — flow  acn 
this  region  from  northwest  to  southeast  and  have  carved  broad  a: 
shallow  valleys.  The  high  divides  are  the  remnants  of  the  old  hi 
tabl(»,  and,  bec^ause  their  slope  to  the  east  is  so  g(»ntle  as  to  be  pn 
tically  unnoticeable,  a  person  may  travel  across  th(»  country  for 
mih^s  along  some  lines  without  ascending  or  descending  abrupt 
20  fe(»t  from  the  general  level.  The  south  blntF  of  thesc^  rivers,  i 
tlie  greater  j)art  of  tlieir  course,  is  cut  up  by  canyons,  while  the  slo 
north  is  generally  unbroken  and  is  covered  with  sand  hills  (p.  84). 
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GYPSUM    HILLS   REGION. 

The  Gypsum  Hills  region  includes  parts  or  all  of  Woods,  Wood- 
ward, Blaine,  Dewey,  Day,  Canadian,  Caddo,  Kiowa,  Comanche, 
Greer,  Washita,  Custer,  and  Roger  Mills  counties,  in  each  of  which 
there  are  exposures  of  gypsum.  In  this  section  the  relief  is  more 
marked  than  in  the  Low  Plains  region,  owning  chiefly  to  the  unequal 
erosion  consequent  upon  the  relatively  hard  ledges  of  gypsum  which 
outcrop  in  this  part  of  the  territory  and  to  the  hard  sandstone  and 
dolomite  which  lie  above  the  gypsum.  The  relation  between  these 
rtxrks  will  be  explained  under  the  heading  '' (Jeology  "  (pp.  44,  71). 
The  general  strike  of  all  the  gypsum  beds  is  north  and  south,  the 
most  eastern  exposure  l>eing  just  north  of  El  Reno,  the  county  seat 
of  Canadian  County,  while  to  the  southwest  the  gypsum  ledges  ex- 
tend, through  (ireer  County,  into  the  Panhandle  of  Texas. 

There  are  two  prominent  types  of  gyj)suni  topography  in  Okla- 
homa— the  wall-canyon  type  und  the  round-mound  type.     The  wall- 
canyon  type  cK»curs  chiefly  in  Blaine.  Woods,  jind  Woodward  counties 
along  the  range  of  gypsum  hills  designated  in  this  report  the  Blaine 
Gypsum   Hills,  and   again   in  southern   Roger   Mills  and   northern 
Greer  counties    (PI.   Ill,  B).     This  type  of  topography   is  char- 
acterized by  steep  bluffs  of  red  clay  capped  by  massive  ledges  of 
gypsum.     These  bluffs  rise  steeply  above  the  plain,  and  numerous 
streams  have  cut  deep  and  narrow  canyons  into  them.     The  second 
type  of  gypsum  topography  is  marked  by  low,  white,  rounded,  gypsum 
bolls  standing  out  on  the  plain,  or  by  gentle  slopes  of  gypsum  along 
shallow    streams.     Such    exposures    are    characteristic    of    parts    of 
Dewey,  Custer,  Washita,  Caddo,  and  southern  Greer  counties. 

HIGH    PLAINS    KEGION. 

This  region  includes  the  most  elevated  portions  of  the  Territory, 
and  is  typically  developed  in  Beaver,  Woodward,  and  northern  Day 
counties,  lying  west  of  and  at  a  higher  level  than  the  line  of  gypsum 
hills.  Beaver  County,  an  area  lOH  miles  l(mg  and  85  miles  wide,  lies 
entirely  <m  the  high,  level  ])lateau,  sh)ping  gradually  from  a  height 
of  about  4,000  feet  on  the  west  to  a  little  more  than  2,000  on  the  east. 
Into  this  plateau  Cimarron  and  Beaver  rivers  have  cut  their  channels, 
usually  shallow  and  broad,  while  numerous  small  tributary  creeks 
are  now  at  work  dissecting  th(»  level  upland.  Large  areas  remain, 
however,  which  appear  to  be  as  level  as  a  floor  and  on  which  the  only 
drainage  is  into  playa  lakes,  or,  as  they  are  sometimes  called  in  the 
West, "  buffalo  wallows  "  (PI.  Ill,  .1).  ' 
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DAKOTA    SANDSTONE   REGION. 

In  the  extreme  western  end  of  Beaver  County,  along  the  Cimarron 
and  the  Currunipaw  (a  head  tributarj'  of  the  Beaver),  is  a  small  area 
which  contains  topographic  features  unlike  those  found  elsewhere  in 
Oklahoma,  for  in  this  locality  the  streams  have  cut  canyons  into  the 
Dakota  sandstone.  The  Cimarron  Canyon  has  a  length  of  80  miles 
or  more  in  Oklahoma  and  of  (K)  miles  in  New  Mexico.  The  liills,  as 
shown  on  Pis.  IV,  H.  and  X,  B  are  '200  to  500  feet  high,  and  are  usually 
capped  by  heavy  ledges  of  gray  or  brown  sandstone,  which  have  been 
r-arved  into  fantastic  shajx^s  by  numerous  small  creeks. 

In  the  extreme  northwestern  part  of  Beaver  County  these  sand- 
stone riK'ks  are  covered  with  100  feet  or  more  of  basaltic  lava,  forming 
tlie  eastern  end  of  Black  Mesa,  a  level  table-land  which  extends  into 
Oklahoma  from  Colorado  and  New  Mexico  (fig.  28). 

VALLEYS. 

All  the  drainage  of  Oklahoma  flows  into  Mississippi  River,  reach- 
ing that  stream  by  Arkansas  and  Red  rivers.  The  Arkansas  crosses 
the  northeast  porticm  of  Oklahoma,  ^sepal*ating  the  Osage  and  Kaw 
reservations  from  the  remainder  of  the  Territory.  Red  River  forms 
the  extreme  southwestern  lx)undary  of  Oklahoma.  The  chief  tribu- 
taries of  the  Arkansas  in  Oklahoma  and  the  Indian  Territory  are 
Salt  Fork,  Cimarron,  North  Canadian,  and  South  Canadian  rivers, 
the  two  hitter  streams  joining  Iwfore  finally  reaching  the  Arkansas 
in  th(»  eastern  part  of  the  Territory.  The  Washita  and  North  J'ork 
of  Red  River  flow  into  Red  River. 

Th(»  general  direction  of  all  these  streams  is  southeasterly — that  is, 
[)ractically  at  right  angles  to  the  strike  of  the  rocks.  With  the 
exception  of  the  Wavshita,  they  are  all  typical  streams  of  the  plains, 
each  with  a  relatively  broad  and  shallow  valley,  containing  a  broad, 
sand-c!h()k(»d  channel  and,  except  in  times  of  flood,  carrying  a  rela- 
tively small  amount  of  water.  The  character  of  the.se  valleys  is 
(I(»terniine(l  largely  by  the  rocks  across  which  they  have  been  cut, 
being  comparatively  narrow  and  deep  in  the  Gypsum  Hills  or  Flint 
Hills  regions  and  broad  and  shallow  in  the  more  level  country  in 
central  and  western  Oklahoma.  These  valleys  will  be  discussed  in 
regular  order  beginning  on  the  north.  PI.  XVI  shows  the  drainage 
areas  of  the  various  streams. 

ARKANSAS   VALLEY. 

Arkansas  River  flows  in  a  broad,  shallow  channel  from  the  point 
where  it  debouches  from  the  mountains,  in  Colorado,  to  the  Flint 
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DAKOTA    SANDSTONE   REGION. 

In  the  extreme  western  end  of  Beaver  County,  along  the  Cimarrc^^ 
and  the  Currumpaw  (a  head  tributary  of  the  Beaver),  is  a  small  ar^ 
which  contains  topographic  features  unlike  those  found  elsewhere  i  '^ 
Oklahoma,  for  in  this  locality  the  streams  have  cut  canyons  into  i\m^ 
Dakota  sandstone.  The  Cimarron  Canyon  has  a  length  of  30  miless* 
or  more  in  Oklahoma  and  of  00  miles  in  New  Mexico.  The  hills,  a--^ 
shown  on  Pis.  IV,  B,  and  X,  B  are  200  to  500  feet  high,  and  are  usuall;^ 
capped  by  heavy  ledges  of  gi'ay  or  brown  sandstone,  which  have  beei^ 
carved  into  fantastic  shapes  by  numerous  small  creeks. 

In  the  extreme  northwestern  part  of  Beaver  County  these  sand-- 
stone  rocks  are  covered  with  100  feet  or  more  of  basaltic  lava,  forming 
the  eastern  end  of  Black  Mesa,  a  level  table-land  which  extends  into 
Oklahoma  from  Colorado  and  New  Mexico  (fig.  28). 

VALIiEYS. 

All  the  drainage  of  Oklahoma  flows  into  Mississippi  River,  reach- 
ing that  stream  by  Arkansas  and  Red  rivers.  The  Arkansas  crosses 
the  northeast  portion  of  Oklahoma,  separating  the  Osage  and  Kaw 
reservations  from  the  remainder  of  the  Territory.  Red  River  forms 
the  extreme  southwestern  boundary  of  Oklahoma.  The  chief  tribu- 
taries of  the  Arkansas  in  Oklahoma  and  the  Indian  Territory  are 
Salt  Fork,  Cimarron,  North  Canadian,  and  South  Canadian  rivers, 
the  two  latter  streams  joining  before  finally  reaching  the  Arkansas 
in  the  eastern  part  of  the  Territory.  The  Washita  and  North  Fork 
of  Red  River  flow  into  Red  River. 

The  general  direction  of  all  these  streams  is  southeasterly — that  is, 
practically  at  right  anglas  to  the  strike  of  the  rocks.  With  the 
exception  of  the  Washita,  they  are  all  typical  streams  of  the  plains, 
each  with  a  relatively  broad  and  shallow  valley,  containing  a  broad, 
sand-choked  channel  and,  except  in  times  of  flood,  carrying  a  rela- 
tively small  amount  of  water.  The  character  of  these  valleys  is 
determined  largely  by  the  rocks  across  which  they  have  been  cut, 
being  comparatively  narrow  and  deep  in  the  Gypsum  Hills  or  Flint 
Hills  regions  and  broad  and  shallow  in  the  more  level  country  in 
central  and  western  Oklahoma.  These  valleys  will  be  discussed  in 
regular  order  beginning  on  the  north.  PI.  XVI  shows  the  drainage 
areas  of  the  various  streams. 

ARKANSAS    VALLEY. 

Arkansas  River  flows  in  a  broad,  shallow  channel  from  the  point 
where  it  debouches  from  the  mountains,  in  Colorado,  to  the  Flint 
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Hills,  at  Arkansas  City,  Kans.,  a  few  miles  north  of  the  Oklahoma 
line.  From  this  point  to  the  southeast  corner  of  the  Osage  Nation 
it  flows  in  a  tortuous  channel  among  limestone  hills.  The  distance 
is  about  83  miles  direct,  but  as  traversed  by  the  river  it  is  nearly 
twice  as  great.  This  part  of  its  course  is  characterized  by  broad 
and  sweeping  oxbow  bends,  one,  for  instance,  being  9  miles  around, 
while  at  the  nearest  point  it  is  not  more  than  1^  miles  across.  The 
valley  between  the  bluffs,  which  are  150  to  300  feet  high,  is  1  to  5  miles 
wide,  being  narrowest  between  the  Osage  country  and  Kay  County. 

SALT   l'X)RK    VALLEY. 

The  valley  of  the  Salt  Fork  of  the  Arkansas,  which  extends 
through  northern  Woods,  central  Grant,  and  southern  Kay  counties, 
is  broad  and  shallow  and  is  for  the  most  part  lx)rdered  on  the  north 
slope  by  sand  hills  and  on  the  south  side  by  canyons  cut  into  steep 
and  uneven  slopes.  Near  the  point  where  this  river  enters  Woods 
County  from  Kansas  the  valley  is  bordered  by  the  Gypsum  Hills, 
particularly  on  the  south  side,  while  farther  downstream  it  is  2  to  5 
miles  wide  and  the  hills  on  either  side  reach  an  altitude  of  50  to  100 
feet  above  the  level  of  the  stream.  The  tributaries  are  Medicine 
I^odge,  Mule,  Sand,  Crooked,  Deer,  Osage,  Buck,  Chikaskia,  and  Bois 
d^Arr  creeks.  In  eastern  Woods  County  the  Salt  Fork  flows  across 
the  northern  edge  of  the  Great  Salt  Plains,  where  the  water  acquires 
saline  character,  whence  the  name  Salt  Fork. 

CIMARRON    VALLEY. 

Cimarron   River   rises   among   volcanic   peaks   in   northern    New 
Mexico,  flows  east  through  a  narrow  canyon  (;ut  into  Dakota  sand- 
stone, and  enters  Oklahoma  4  miles  south  of  the  Colorado  line,  near 
the  town  of  Kenton.     From  this  point  it  flows  nearly  straight  east 
for  more  than  30  miles  in  a  canyon  cut   in  the  sandstone  plateau. 
In  this  part  of  its  course  the  valley  averages  l\  miles  in  width  and  the 
nigged  hills,  which  disappear  near  the  point  where  the  Cinuirron 
Rows  from  Oklahoma  into  Colorado,  are  J^OO  to  400  feet  high.     From 
this  point  to  the  place  where  the  river  cuts  through   tiio  (iypsuni 
Hills  it  flo>ys  in  a  broad  and  shallow  valley  carved  into  the  level 
upland.     After  leaving  Oklahoma  the  Cimarron  flows  through  south- 
eastern   Colorado   and   southwestern   Kansas   for   nearly    100   miles. 
It  enters  the  Territory  again  about  15  miles  west  of  the  northeast 
w)mer  of  Beaver  County,  but  soon  turns  northward  to  pass  into 
Kansas.     For  the  third  time  it  enters  Oklahoma,  in  the  north-central 
part  of  Woodward   County,   where   it  breaks   through   the    Blaine 
Gypsum  Hills.     Throughout  its  entire  course  in  Woodward  County, 
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a  distance  of  more  than  40  miles,  it  flows  in  a  canyon  cut  ir 
(TVpsiim  Hills.  This  canyon  gi'ailually  widens  to  the  east,  and 
the  western  line  of  Woo<ls  County  these  hills  recede  from  the 
and  swing  to  the  north.  On  the  south  side,  however,  they  parallv 
river  as  far  as  the  (ilass  Mountains  in  south-a»ntral  Woods  Coi 
forming  conspicuous  gypsum-capixnl  bluffs,  then  gradually  n 
from  the  Cimarron  and  approach  the  South  Canadian.  East  o 
(ilass  Mountains  the  Cimarron  flows  across  a  level  c*ountry,  ani 
valley  is  broad  and  shallow,  lx»ing  only  occasionally  lined  with  b 
as  in  the  vicinity  of  (Juthrie. 

The  drainage  area  of  the  Cinuirron  is  broader  than  that  of 
other  Oklahoma  stream,  and  it  includes  a  considerable  numbc 
tributary  creeks,  the  chief  of  which  are  Buffalo,  Eagle  Chief, 
Turkey,  Kingfisher,  Cottonwood,  Skeleton,  and  Stillwater,  A 
its  eastern  course  the  river  flows  into  the  southern  extension  o: 
limestone  hills,  where  the  topography  conse<iuently  is  more  mi 
and  bluffs  100  or  more  feet  high  are  not  unconnnon. 

NORTH    (  ANAmAN    VALLEY. 

North  Canadian  River  is  formed  by  the  junction  of  Beaver 
Wolf  creeks  at  Old  Fort  Supply,  near  the  center  of  Woodward  Coi 
Wolf  Creek  rises  in  the  high  table-lands  of  the  Panhandle  of  1 
and  flows  northeast,  in  a  rather  narrow  valley  Iwrdered  by  rou 
bluffs  which  rarely  exceed  100  feet  iii  height.  Beaver  Creek,  \> 
has  cut  a  valley  averaging  8  miles  in  width  and  *200  feet  in  c: 
throughout  its  courses  rises  among  volcanic  i)eaks  in  northea 
New  Mexico  and  flows  the  entire  length  of  Beaver  County. 
principal  tributaries,  all  cm  the  south  side,  are  Coldwater,  Palo  I 
Clear,  and  Kiowa  creeks.  These  and  other  criH^ks  are  now  disse* 
th(»  high  plateau,  but  on  account  of  the  arid  cHmate  and  the 
sod  covering  have,  at  the  present  time,  scarcely  more  than  commc 
their  task  (PI.  V,  .1).  North  Canadian  Kiver  formed  by  the  i 
of  Wolf  and  Beaver  creeks,  flows  in  a  general  southeasterly  a 
entirely  across  the  Territory,  and  its  valley  is,  on  the  average 
ft»et  higher  than  the  Cimarron.  The  hills  (m  either  side  are  us 
low,  often  not  over  100  feet  in  height,  and  in  many  instance: 
hea(l\vatei*s  of  streams  flowing  into  the  Cimarron  approach  w 
less  than  2  miles  of  the  North  Canadian.  Sand  hills  occur 
tnally  all  along  the  north  slope,  and  the  south  bluff  is  often  cut 
red -beds  canyons. 

SOI  TH    CANAOLVX    VALLEY. 

With  the  exception  of  Arkansas  River  the  South  Canadian  i 
only  stream  in  Oklahoma  which  takes  its  ris(»  in  the  Rocky  \. 
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;  tains.  In  New  Mexico  and  the  Panhandle  of  Texas  the  drainage 
area  is  large,  but  from  the  western  boundary  of  Oklahoma  to  its 
mouth  in  the  eastern  part  of  the  Indian  Territory  it  will  not  average 
nuire  than  '20  miles  in  width.  In  Day  and  Dewey  counties  the  river 
swings  in  a  series  of  broad  oxbow  bends,  and  flows  in  a  canyon-like 
valley  alx)ut  200  feet  deep  and  1  to  5  miles  wide.  In  eastern  Dewey 
and  Custer  counties  it  flows  across  the  Gypsum  Hills  region.  Below 
the  line  of  (lypsum  Hills  it  flows  in  a  general  southeasterly  direc- 
tion in  a  valley  which  averages  4  miles  in  width  and  which  is  bor- 
dered by  bluffs  on  either  side  not  exceeding  150  feet  in  height.  In 
many  places,  however,  the  slopes  north  of  the  river  are  covered 
with  sand  hills,  but  on  the  south  side  of  the  stream  steep  bluffs  are 
common.  A  few  small  tributaries,  the  chief  of  which  are  Deer, 
Commission,  and  Boggy  creeks,  flow  into  the  South  Canadian  in 
Oklahoma. 

W^VSHITA    VALLEY. 

As  has  been  stated  by  Mr.  Willis,**  the  Washita  resembles  an  east- 
em  more  than  a  western  river,  having  steep  mud  banks  and  heavy 
timber  along  most  of  its  course.     In  its  upper  part  the  narrow  val- 
ley   is    continued  between  bluffs  of  red  sandstone   100  to  800  feet 
high.      AMiere  the  valley  cuts  across  the  (lypsum  Hills,  in  Custer 
and  Washita  counties,  low,  white  gypsum  bluffs  are  common.     East- 
A-ard    from  the  southeastern  corner  of  Washita  County  the  river 
flows    through   wide  bottom  lands  in   a   valley  2  to  5  miles  wide, 
inclosed    by   hills    100   to   800    feet   high.     Taken    throughout,    the 
Washita  has  more  precipitous  bluffs  and  a  greater  diversity  of  topog- 
raphy than  any  other  river  in  Oklahoma,  and  at  the  same  time  sand 
hills  are  practically  w^anting.     Quartermaster,  Cavalry,  Rainy  Moun- 
tain, Cobb,  and  Sugar  creeks  are  the  chief  tributaries. 

RED    RIVER    VALLEY. 

The  main  branch  of  Red  River  forms  tlie  southern  boundary  of 
(ireer  and  Comanche  counties.  A  number  of  streams  tributary  to 
Red  River  rise  either  in  Okhihoma  or  the  Panhandle  of  Texas,  the 
most  important  of  which  are  the  Salt  Fork,  Elm  Fork,  North  Fork, 
Cache,  and  Beaver  creeks.  North  Fork,  Salt  Fork,  and  Elm  Fork 
rise  in  the  eastern  part  of  the  Panhandle  of  Texas,  flow  across  the 
n»gion  of  Greer  Gypsum  Hills  through  canyons  in  the  gypsum- 
capped  red  shale  bluffs  and  then  out  upon  the  lower  plains,  where 
they  enter  shallow^  valleys  before  finally  reaching  Red  River.  Cache 
Creek,  which  rises  in  the  Wichita  Mountains,  and  Beaver  Creek,  east 
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of  these  mountains,  flow  south  across  the  red  beds  plain  in  broad  and 
shallow  valleys. 

cx>NrLi'aioN. 

All  of  the  larp:er  rivers  of  Oklahoma  rise  west  of  the  Gypsum  Hills 
region  and  flow  first  in  broad  valleys.  In  the  Gypsum  Hills  they 
have  cut  comparatively  deep  and  narrow  canyons,  and  east  of  this 
range  of  hills  the  valleys  begin  to  widen  again.  These  streams,  with 
the  ex(;eption  of  the  Washita,  are  flanked  along  the  north  slojDe  with  < 
rows  of  sand  hills,  usually  2  to  10  miles  in  wndth,  while  the  south  bank 
is  almost  invariably  cut  with  canyons  carved  in  the  red  sandstones 
and  shales  which  make  up  the  greater  part  of  the  country  rock,  l^ 
other  words,  the  south  bank  is  a  red-shale  canyon  slope,  and  the  north 
bank  a  sand-hill  slope. 

GEOLOGY. 
GET^TERAI.   STATEMENT. 

The  geology  of  Oklahoma  presents  certain  phases  of  more  tha^ 
usual  interest  to  the  student  of  stratigraphy.  As  the  conditions  o^ 
the  wat(»r  supply  depend  almost  wholly  upon  the  character  and  posi' 
tion  of  the  rocks,  it  is  necessary  to  outline  the  geology  of  the  Territory 
before  giving  a  detailed  description  of  the  water  supply. 

Numerous  features  of  the  geolog\'  of  various  parts  of  Oklahoma 
are  as  yet  but  imperfectly  understood,  and  many  of  the  statement-^ 
made  in  this  article  therefore  are  offered  only  tentatively.     It  is  prob^ 
able  that  further  investigation  may  cause  decided  changes  in  present^ 
views  of  llu»  g(»ol()gy  of  certain  parts  of  the  Territory,  especially  as  tcF 
tlie  line  of  separaticm  In^tween  the  Pennsylvanian  and  Permian  seriej? 
of  the  Carboniferous  rocks  in  the  northeastern  part  of  the  Territory, 
the  location  of  certain  sand-hill  an^as,  and  the  lines  of  outcrops  of 
g}^psuni  deposits  in  some  of  the  western  counties.     Certain  facts,  how- 
ever, are  fairly  well  established,  and  it  is  these,  rather  than  the  ones 
not  yet  understood,  that  \\'\\l  be  given  prominence  in  the  following 
pages. 

The  principal  formation  in  the  Territory  is  a  widespread  deposit 
of  red  clay,  shale,  and  sandstone,  a  large  pai't  of  which  has  been 
classed  as  Permian  in  age,  and  is  known  as  the  '*  red  beds."  To  the 
east  it  is  underlain  by  Pennsylvanian  rocks  and  to  the  west  covered 
!)y  sands  and  clays  of  Tertiary  and  Quaternary  ages.  In  the  north- 
eastern part  of  the  Territory  are  extensive  areas  of  Pennsylvanian 
rocks,  and  in  the  Wichita  Mountains  rocks  of  lower  Paleozoic  age 
appear.  The  known  outcrops  of  geologic  formations  in  Oklahoma 
are  indicated  on  the  map  (PI.  I),  and  the  following  table  sets  forth 
their  order  and  age: 
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fAllnviam. 
Sand  hills. 
Tertiary Lava  of  Black  ; 


^**™*'y ISandhUls. 


Cretaceons 

Dakota. 
Ck)nianche. 

Quartermaster. 
Greer. 

Permian 

Woodward. 

Carbonif erons  - 

Pennsylvanian. 

Blaine. 
Enid. 

Ordovician . .  . 

Viola  limestone. 

Cambro-Ordovician Arbuckle  limestone. 

Cambrian Reagan  sandstone. 

{Granite. 
Granite-porphry. 
Gabbro. 

REIiATIONS  OF  THE   PRE-CARBOXIFEROU8   ROCKS. 

The  oldest  rocks  in  Oklahoma  are  in  the  Wichita  Mountains,  in 
the  southwestern  part  of  the  Territory.  These  mountains  are  com- 
posed chiefly  of  three  classes  of  igneous  rocks,  gabbro,  granite,  and 
granite-porphyry ;  and  three  sedimentary  formations  of  lower  Pale- 
ozoic age,  the  Reagan  sandstone,  Arbuckle  limestone,  and  Viola 
limestone.  Granite  greatly  predominates,  composing  probably  nine- 
tonths  of  all  the  rocks  of  the  range.  In  order  that  the  reader  may 
understand  the  relations  of  these  various  rocks  to  each  other  and  the 
surrounding  "  red  beds,"  a  short  description  of  the  Wichita  Moun- 
tains is  given.  The  map  (PL  VI)  further  illustrates  the  structure  of 
the  mountains. 

In  the  Wichita  Mountains  the  rocks  do  not  differ  materially  from 
similar  formations  in  the  Arbuckle  Mountains  farther  east,  and  for 
that  reason  it  appears  to  be  desirable  to  give  the  formations  the 
names  already  used  for  similar  rocks  in  the  Arbuckle  region.  As 
these  rocks  have  been  named  and  described  by  Mr.  Joseph  A.  Taff,<* 
to  whose  publication  the  reader  is  referred,  only  a  brief  mention  will 
be  made  of  them  in  this  conection. 

The  extreme  length  of  the  Wichita  Mountains,  from  the  Carlton 
mounds  on  Medicine  Bluff  Creek  near  Fort  Sill  to  the  last  granite 
hill  that  disappeai*s  under  the  high  prairie  5  miles  west  of  Head 
quarters  Mountain,  at  Granite,  is  05  miles,  while  the  extreme  width 
from  Rainy  Mountain  to  the  southwestern  granite  butte  on  North 
Fork  of  Red  River,  6  miles  southeast  of  Navajoe,  is  30  miles.  The 
Wichita  Mountains  are  not  a  continuous  range  throughout  this  area, 

•Tair,  Joseph  A.,  Preliminary  report  on  the  geolopy  of  the  Arbuckle  and  Wichita 
Boantains  in  Indian  Territory  and  Oklahoma  :  I*rof.  l*aper  No.  31,  U.  S.  Geeol.  Surveyt 
1904.  pp.  50-81. 
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jis  tlu'v  consist  chit'tly  of  scaltc^ivd  rank's,  ]K^aks,  and  short  chaiiii 
tlu'  bast's  (»f  which  an*  buried  InMioalh  tlio  suiTuundiiig  and  interveq 
in^  phiiiis. 

TIic  Wicliita  Mountains  may  1m»  divided  into  tlie  following  thrt 
P'ncral  groups:  (1)  The  main  ran<ro;  (;^)  scalteivd  groups  and  i)eall 
in  th(»  western  part  of  the  area,  and  (3)  a  row  of  hills  which  ar 
(M)inposed  chielly  of  limestone  and  which  i)arallel  the  main  range  m 
th(»  north  and  east.  > 

The  main  range  of  the  Wichita  Mountains,  the  width  of  whicl 
jiverages  10  miles,  extends  northwe>t  from  the  vicinity  of  Fort  Sil 
for  ahoiit  'AO  miles  to  the  vicinity  of  Saddlo  Mountain  an<l  Moiiii 
r>{iker.  just  east  of  the  headwateis  of  Kast  Otter  Creek.  This  par 
of  the  range  is  practically  continuous  throughout  and  is  coniponH 
chielly  of  I'ugged  peaks  ai'  granite,  the  highest  of  which.  Mount 
S('()tl  and  Sheridan,  each  ris<»  about  l.iiOO  feet  alnn'e  the  plain.  Ther 
ar(»  two  main  northwest -southeast  ranges,  separate<l  by  a  distine 
intermontane  valley,  1  to  4  mih»s  wide,  extending  nearly  the  entir ' 
length  of  the  ranges.  The  streams  draining  this  valley  flow  eas 
and  M)uth  and  escape  t(»  the  plain  through  gaps  in  the  mountainf 
l\ast  of  this  main  range  are  a  numU'r  of  outlying  })eaks  and  shor 
ranges,  some  of  which  attain  an  altitude  of  800  feet  or  more  aboV;^ 
the  surrounding  plain. 

West   of  the  main   range  of  the*  Wichitas,  which  is  divided  int ' 
two   general    ridges,   are    scatten'tl    groups,    ^Mniks,   and   low    ridgn 
extending  a  few  miles  beyond  (Jranite.  (ireer  County,  a  distance  (- 
40  miles  from   Mount   Hakei".     The  term  •' Raggtnly  Mountains"! 
aj)plie(l  to  a  group  of  scattered,  roughly  <Mitlined  ridges  and  peal" 
lying  ah)ng  th(»  heads  of  various  branches  of  Otter  Creek.     Lon 
ilorn    Mountain    is   near   the   head   of   Middle   Otter   Creek;   Don 
Mountain,  Tepee  Mountain,  Klk  Mountain,  and  others  lie  near  El 
Creek:  Devils  Canyon  Mountain,  shown  in  PL  II,  B^  is  G  miles  lon 
and  lies  in  a  bend  of  the  North  Foi'k  of  Red  Uiver;  Xavajoe,  Quart! 
and  Headquarters  mountains  are  in  (Jreer  (\)unty  west  of  the  Xort 
Fork  of  Ked  River,  which  winds  in  and  out  among  the  granite  peak 

Parallel  to  the  Wichitas  on  the  northeast  fi'om  a  point  7  mil( 
north  of  Fort  Sill  to  Rainy  Mountain,  a  distance  of  liO  miles  to  tl 
northwest,  is  a  group  of  limestone  hills,  which,  like  the  main  rauj 
of  the  Wichitas,  consist  of  irregidar  low  mountains  and  scattere 
knobs.  The  longi»st  range*,  U\  miles  in  length,  will  average  2  niih 
in  width.  Near  the  head  of  Hlue  Cre(»k  (^anyon  the  range  of  linu 
stone  hills  divides  into  two  parts — one  |)art  running  ai)proximatel 
N.  70'^  W.  and  the  other  N.  40^  W.  l^oth  ranges  finally  end  towar 
the  northwest  in  a  s(»ries  of  scattered  peaks  an<l  knobs.  These  limO" 
stone  hills,  like  the  gi-anite  mountains,  are  but  the  tops  of  buried 
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ranges.  The  rock  comprising  the  plain  around  and  between  the 
mountains  is  iiiiieh  younger  than  the  rocks  of  the  mountains-^that  is, 
it  was  de[x>sitecl  at  a  much  later  period  in  the  earth's  history. 

IGNKOU8   ROCKS.a 

GABBRO. 

Of  the  tlir€^  chief  varieties  of  igneous  rocks  in  the  Wichitas  the 
gahbro  is  probably  the  oldest.  This  rock  is  hard,  black,  and 
crvstalline,  and  sometimes  is  known  to  the  miners  as  bhick  granite. 
It  frnjuently  lias  a  grc»enish  tint,  or  again  it  may  be  grayish  in  color, 
and  often  weatliei^s  into  rough,  hmipy  surfaces.  It  is  in  places  cut  by 
ilikes,  composed  of  diabase,  granite,  aplitc,  etc. 

As  shown  on  the  map  (1*1.  VI)  gabbro  outcrops  in  thre-e  separate 
l()<"ilities  in  the  Wichita  Mountains,  two  of  which  are  in  the  main 
range  arid  the  other  one  west  of  it.  In  the  main  range  the  most 
extensive  exposure,  which  covers  an  area  about  2  miles  wide  and  12 
miles  long,  lies  along  the  north  sloj)e  of  the  mountains  on  both  sides 
of  Medicine  Blnff  Creek,  and  extends  northwest  and  southeast,  par- 
alleling the  range  from  the  east  end  of  Mount  Scott  to  the  east  slope 
of  Saddle  Mountain.  The  second  gabbro  exposure,  about  6  miles 
long  and  1  mile  wide,  is  in  the  central  part  of  the  intermontane 
valley  along  the  heads  of  West  Cache  and  Quanah  creeks.  The 
«rabl)ro  in  both  these  localities  does  not,  as  a  rule,  present  conspicuous 
relief,  but  weathers  into  gentle  slopes  with  occasional  low  ridges  and 
buttes.  The  third  locality  in  which  gabbro  is  found  is  in  the  central 
fmrt  of  the  Raggedy  Mountains,  west  of  the  main  range.  This  range 
is  15  miles  long  and  extends  westw^ard  from  near  Mount  Baker  to  a 
point  within  3  miles  of  North  Fork  of  Red  River.  Some  of  the 
Ijeaks  rise  to  the  height  of  400  feet  above  the  plain.  The  average 
width  of  the  range  is  something  like  B  miles,  and  across  it  flow  the 
various  branches  of  Otter  Creek.  In  the  western  part  of  the  range 
are  numerous  dikes  and  intrusions  of  other  igneous  rocks,  chiefly 
granite  and  quartz. 

GRANITE-PORPHYRY. 

Granite-porphyry  occurs  in  the  eastern  part  of  the  main  range  and 
in  several  localities  among  the  limestone  hills.  This  is  a  hard,  mas- 
sive rock  usually  with  a  grayish  groundmass  in  whidi  are  embedded 
numerous  large  crystals,  usually  reddish  or  pinkish,  giving  a  chai'ac- 
teristic  reddish-gray  tint  to  the  rock.  The  localities  in  which  por- 
phvry  occurs  are  as  follows : 

In  the  Fort  Sill  Military  Reservation  and  ^)etween  the  fort  and 

•  For  clansificatlon  of  the  ifsneouB  rocks  of  the  Wichita  Mountains  see  Taff,  Joseph  A., 
op.  cit.,  pp.  5I)-07. 
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Mount  Scott  the  greater  part  of  the  rock  is  granite-porphyry.  Sif 
nal  Mountain,  the  Carlton  mounds,  Medicine  BhiflF,  and  a  number  dt 
unnameil  ix^aks  are  composed  of  this  rock.  This  i)orphyry  weathen 
in  small  blocks  and  angular  fragments,  and  the  surface  of  the  hilk 
composed  of  this  rock  are  usually  grass  covered  and  easily  distin- 
guished from  granite  hills  in  which  the  rock  weathers  out  in  large 
bowlders  and  which  are  covei^ed  with  trees.  In  the  western  part  of 
this  exposun*  the  i)orphyry  j>asses  gradually  into  red  granite,  so  thai 
in  many  places  it  is  virtually  impossible  to  tell  where  one  rock  stops 
and  the  other  logins. 

Near  the  central  part  of  the  main  ridge  of  limestone  hills,  6  to  i 
miles  north  of  Mount  Scott,  along  Blue  Creek  Canyon,  is  a  second 
exposure  of  porphyry  covering  an  area  of  about  8  square  miles 
The  rock  in  this  I'egion  doe.s  not  differ  materially  in  character  fronc 
that  on  the  Fort  Sill  Reservation.  On  the  west  the  porphyry  is  cut 
off  from  the  limestone  by  a  fault  and  on  the  east,  where  it  is  exiK)sed 
along  the  flanks  of  a  limestone  ridge,  it  lies  unconformably  below  the 
sedimentary  rocks. 

The  third  area  of  pcu'phyritic  rocks  is  in  the  extreme  northern  pari 
of  th(»  A\'iehita  Mountain  region,  at  the  northern  extension  of  the 
lim(»stone  hills.  In  this  vicinity  are  twelve  or  more  scattered  peaks 
of  porphyry.  In  two  instances  this  pcu'phyry  lie^s  unconformably 
Iwlow  the  Reagan  sandstone,  a  formation  of  Cambrian  age. 

GRANITE. 

With  the  exception  or  the  gabbro  and  granite  porphyry  just  dis- 
cuss(h1  and  a  r(»latively  few  dikes,  the  igneous  rocks  of  the  Wichitafl 
consist  of  granite,  which  varies  in  color  from  red  to  gray  with  ligW 
red  greatly  predominating.  It  is  cut  by  several  series  of  joint  planes 
and  weathers  into  massive  bowlders  (PI.  11,  .1,  B). 

The  high  peaks  of  the  main  range,  such  as  Mounts  Scott,  Sheridan 
and  Baker,  and  Saddle  Mountain,  and  others,  as  well  as  all  the  scat 
tered  peaks  and  ranges  west  of  the  main  range,  except  the  gabbr< 
range  previously  discuased,  are  composed  of  granite.  Navajo^ 
Tepee,  Devils  Canyon,  Little  Bow,  Quartz,  Headquarters,  and  othe 
peaks  and  chains  in  this  w(»steni  group  are  all  granite  mountains. 

SKDIMKNTARY   110CK8." 

CAMBRIAN  ROCKS. 

KEAGAN    SANDSTONK. 

The  Reagan  sandstone,  the  oldest  sedimentary  rock  in  Oklahoma 
in  its  typical  development  is  compos^^l  of  coarse-grained,  angula 


«  For  a  more  complete  description  Bee  TafT.  Joseph   A.,  op.  cit..  pp.  07-77. 
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particles  derived  from  the  disintegration  of  porphyry  rocks.     There 

are  locul  ledges  of  conglomerate  interstratified  with  shaly  members, 

but  coarse  sandstone  makes  up  the  greater  part  of  these  rocks.     The 

age  of  this  formation,  as  indicated  by  trilobites  and  other  fossils,  is 

Middle  Cambrian. 

The  Reagan  formation  is  exposed  on  the  granite-porphyry,  and  it 
I  is  conformably  overlain  by  the  Arbuckle  limestone  at  two  localities; 
J  first,  in  the  limestone  hills  east  of  Blue  Creek  Canyon,  and  second, 
K  -r^  along  the  side  of  some  limestone  peaks  in  the  extreme  northern  part 
of  the  mountains.     At  Blue  Creek  Canyon  the  Re^igan  is  exposed 
for  a  distance  of  nearly  4  miles,  while  farther  north  the  line  of  out- 
crop is  not  more  than  2  miles  long.     In  both  localities  the  exposure 
is  but  a  few  hundred  feet  wide. 

CAMBRO-ORDOVICIAN  ROCKS. 

ARIirCKLK    LIMESTONK. 

Conformably  above  the  Reagan  sandstone  is  a  limestone  formation 
which  makes  up  the  greater  part  of  the  northern  division  of  the 
Wichita  Mountains.  This  limestone  is  hard,  compact,  and  massive, 
and  is  at  nearly  all  places  much  folded  and  faulted,  so  that  its  lx»ds 
rarely  lie  level,  but  have  been  broken  and  tilted  to  various  angles, 
usually  steep.  The  thickness  of  this  formation  in  the  Wichita 
Mountains  is  unknown,  but  in  the  Arbuckle  Mountains  it  was  esti- 
mated by  Mr.  Taff  to  l)e  4,000  to  6,000  feet,  and  there  is  no  reason 
for  supposing  that  it  is  less  in  the  Wichitas.  In  the  Arbuckle 
iii.Af  Mountains  the  lower  700  feet  of  this  limestone  contains  fossils  of 
Upper  Cambrian  age,  while  from  the  upper  beds  Ordovician  forms 
Were  obtained. 

The  hills  composed  chiefly  of  this  limestone  extend  practically 
JMiinterrupted  northeast  from  near  Fort  Sill  for  HO  miles  or  more. 
From  the  region  of  Blue  Creek  Canyon  there  are  two  ranges,  both  of 
^hich  finally  die  out  and  disapjK»ar  beneath  the  plains. 
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r.   I  ORDOVICIAN  ROCKS. 

VIOLA    IJMKSTONK. 

Three  small  outlying  limestone  knobs  in  the  vicinity  of  Rainy 
Mountain  Mission  consist  of  Viola  limestone,  an  Ordovician  forma- 
tion, which  in  the  Arbuckle  Mountains  occurs  approximately  2,000 
'eet  higher  in  the  section  than  the  Arbuckle  limestone.  In  the 
11^  I  Wichita  Mountain  region  little  lithologic  (listincti<m  can  be  made 
,^.1  between  the  limestone  comprising  these  knobs  and  the  limestone 
which  makes  up  the  main  range  of  hills  just  des(!ribed.     Mr.  E.  O. 
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Ulrich,  however,  who  studied  the  fossils  from  the  entire  region,  finds 
that  the  paleontologic  evidence  justifies  such  distinction,  and  for 
tliat  reason  the  rocks  conipasing  the  tliree  hills  near  Rainy  Mountain 
are  classed  as  Viola. 

CARBONIFEROUS  ROCKS. 

PENNSYLVANIAN    SERIES. 

GENERAL   RELATIONS. 

The  oldest  rocks  on  the  plains  consist  of  scattered  groups  of  igne 
ous  rocks,  chiefly  granite,  forming  the  hearts  of  the  Ozark,  Arbuckle 
and  Wichita  mountains.  The  gi'eater  part  of  the  Ozark  and  Bostoi 
mountains  in  Missouri  and  Arkansas  consist  of  sedimentary  rocks 
older  than  the  Coal  Measurers,  chiefly  limestones  and  cherts  of  th< 
Mississippian  ("  Lower  Carboniferous  ").  Rocks  of  the  same  age  ar« 
also  found  in  southeastern  Kansas  and  the  eastern  part  of  the  Chero- 
kee Nation.  Westward  the  rocks  belong  to  successively  youngei 
formations. 

Resting  upon  the  Mississippian  in  Indian  Territory  is  a  greal 
thickness  of  rocks  of  Pennsylvanian  age."  These  rocks  occupy  the 
great<?r  part  of  southern  Iowa,  western  Missouri,  eastern  Nebraska 
and  the  eastern  third  of  Kansas.  Large  outcrops  are  also  found  in 
Arkansas  and  Texas. 

Pennsylvanian  rocks  are  exposed  over  a  considerable  area  in  easterr 
Oklahoma.  The  line  of  separation  between  the  Penns5dvanian  an< 
the  Permian,  which  make  up  the  greater  part  of  the  Territory,  hft 
never  beei^  sharply  drawn.  For  reasons  to  be  discussed  later  this  lin 
can  not  be  drawn  with  any  degree  of  accuracy  until  considerable  wor 
has  l)ecn  dcme  in  the  way  of  tracing  formations  in  northeastern  Okl^ 
homa  and  until  fossils  have  been  collected  and  identified.^ 

RELATION    OF    THE    PENNSYLVANIAN    TO    THE    PERMIAN. 

The  problem  of  the  relation  of  the  Pennsylvanian  to  the  Permian  o 
the  Great  Plains  is  at  best  a  perplexing  one.  Perhaps  more  tim 
has  been  spent  in  attempting  to  solve  it  than  has  been  devoted  t 
almost  any  other  phase  of  western  geology,  and  the  results  have  btn? 
less  satisfactory.  In  Kansas  the  rocks  of  these  two  epochs  have  \hh\ 
studied  for  nearly  fifty  years,  and  during  the  past  ten  years  Willij- 


«•  TaflF,  Joseph  A.,  The  southwestern  coal  fields :  Twenty -second  Ann.  Kept.  U.  S.  Cieo 
Survey,  i)t.  :\.  pp.  367-413  ;  (ieology  of  the  MoAlester- Lehigh  coal  fields.  Indian  Territory 
Nineteenth  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  3,  pp.  423-593,  1809;  Eastern  Chocta^ 
coal  fields,  Indian  Territory,  Twenty-first  Ann.  Kept.  V.  S.  (Jeol.  Survey,  pt.  2,  pp.  255 
311,  1000;  Coalijate  Folio.  No.  74,  1901,  and  Atoka  Folio,  No.  70.  1002.  Drake,  N.  F..  . 
Keological  reconnaissance  of  the  coal  fields  of  the  Indian  Territory  :  Proc.  Am.  Philot 
Soc.,  vol.  30,  1898.  pp.  326-420. 

"See  footnote,  p.  32. 
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ton,"  Cragin,*  Prosser,*'  Hay,**  Beede,*^  and  others  have  contributed 
[  articles  which  have  assisted  in  the  ehicidation  of  this  very  perplexing 
^  question.  In  Kansas,  however,  the  difficulties  are  not  so  great  as  in 
I  Oklahoma,  as  in  Kansas  the  Pennsylvanian  rocks  which  occur  in  the 
\  eastern  third  of  the  State  are  in  a  regular,  conformable  succession, 
and  finally  pass  conformably  into  the  Permian  above.     Many  of  the 

(beds  have  lithologic  characteristics,  and  fossils  are  abundant.  It  is 
true  that  the  line  of  separation  between  the  Pennsylvanian  and 
Permian  has  not  been  sharply  drawn,  for  such  a  line  depends  upoB 
paleontologic  rather  than  upon  lithologic  data,  and  in  certain  strttte 
there  is  a  commingling  of  Pennsylvanian  and  Permian  forms,  but 
most  geologists  who  have  studied  the  problem  have  agreed  that  cer- 
tain rocks  are  Pennsylvanian  in  age  and  that  certain  other  rocks, 
several  hundred  feet  higher  geologically,  belong  to  the  Permian. 

In  parts  of  Texas  where  these  rocks  are  well  exposed  the  line  of 
;  division  between  the  two  series  has  been  fairly  well  worked  out. 
Certain  beds  are  known  to  be  Pennsylvanian,  while  certain  other 
higher  beds  are  undoubtedly  of  Permian  age. 

In  Oklahoma,  on  the  other  hand,  such  conditions  do  not  exist.  In 
the  northeastern  part  of  the  Territory  particularly  the  stratigraphy 
is  exceedingly  perplexing  and  at  the  same  time  fossils  are  rare.  On 
the  geological  map  (PL  I)  the  author  has  attempted  to  outline  the 
conditions  as  they  are  believed  to  exist.  From  this  map  it  will  be 
seen  that  the  greater  part  of  the  Osage  Nation,  which  is  in  the  north- 
east comer  of  Oklahoma,  is  underlain  by  rocks  of  Pennsylvanian  age. 
In  this  part  of  the  Territory,  as  in  Kansas  to  the  north,  the  strike  is  to 
the  northeast  and  southwest,  and  many  of  the  ledges,  notably  certain 
limestones,  have  been  traced  by  Adams  f  and  others  from  Kansas  into 
Oklahoma,  some  to  beyond  Arkansas  River.  The  lowest  limestone 
ledge  that  is  known  in  the  Osage  Nation  (although  more  detailed 
J^tudy  will  probably  reveal  others  still  lower)  is  the  Drum  limestone 
which  has  been  traced  as  far  south  as  the  vicinity  of  Bartlesville,  in 


"  Willlston.  S.  W.,  Science,  new  series,  vol.  5,  p.  .'i05  ;  Kansas  I'nlv.  Qunr.,  vol.  G,  p.  57; 
Jour.  Geol..  vol.  «,  1808,  p.  342. 

•Craffin,  F.  W..  Bull.  Washburn  Col.  Nat.  Hist.,  vol.  1.  1885.  p.  80;  id.,  vol.  2,  1889, 
pp.  33.  34  ;  The  Permian  system  of  Kansas  :  Colorado  Col.  Studies,  vol.  0.  1896,  pp.  1-48 ; 
Obeervations  on  the  Cimarron  series:  Am.  (Jeolo^lst.  vol.  19,  pp.  851-363. 

'  I*ro«8er,  Chaa.  S.,  The  Cimarron  series  or  the  Ke<l  Beds :  Second  Ann.  Kept.  Univ. 
(>«>I.  Surrey  Kansas.  1897.  pp.  75-95;  The  Termlan  and  I'pper  Carl)onlferou8  of  south- 
ern Kansas:  Kansas  Univ.  Quar.,  vol.  6.  1897.  pp.  149-176;  i{cvl.*<ed  classification  of  the 
npper  Paleosolc  formations  of  Kansas:  .Tour.  (Jeol..  vol.  10.  1902.  pp.  703-737. 

*Hay.  Robt.,  A  geological  reconnaissance  in  southwestern  Kansas:  Hull.  V.  S.  Geol. 
Surrey  No.  57,  1890,  pp.  20.  27  ;  Eighth  Blen.  Kept.  Kansas  State  Rd.  Agric,  pt.  2,  1893, 
p.  101. 

•Beede.  J.  W..  Jour.  Geol.,  vol.  9,  1901.  p.  339;  Am.  (Geologist,  vol.  28.  1901.  pp.  46, 
47;  Advance  Bull.  First  Bien.  Kept.  Olilahoma  Geol.  Survey,  April.  1902. 

'Adams,  Geo.  I.,  Stratigraphy  and  paleontology  of  the  Upper  Carboniferous  rocks  of 
tbe  Kansas  section:  Boll.  U.  S.  Geol.  Survey  No.  211,  1903. 
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the  Cherokee  Nation,  just  east  of  the  Oklahoma  line.  If  the  direc- 
tion of  the  strike  of  this  rock  remains  constant,  however,  this  ledge 
should  touch  the  Arkansas  not  far  from  the  mouth  of  the  Cimarron, 
and  if  so,  there  are  probably  several  hundred  feet  of  Pennsylvanian 
rocks  in  Oklahoma  below  the  level  of  the  Drum  limestone. 

Another  ledge  of  limestone,  the  Pawhuska,  has  been  traced  by 
Adams  from  Kansas  south  through  the  Osage  Nation  and  across 
Arkansas  River  to  the  vicinity  of  the  Cimarron,  near  Ingalls,  Payne 
County,  Okla.*  The  Pawhuska,  however,  is  stratigraphically  600; 
feet  below  the  base  of  the  Wreford  limestone,  which  is  now  consid- 
ered by  Prosser  to  be  the  base  of  the  Permian.^  The  Drum  limestone 
is  approximately  950  feet  below  the  Pawhuska,  so  that  in  the  Osage 
Nation  there  are  at  least  1,550  feet  of  the  Pennsylvanian  rocks  below 
the  base  of  the  Permian. 

This  part  of  the  problem  presents  no  gre^t  difficulty.     The  point 
which  leads  to  confusion  is  the  failure  to  identify  many  of  these 
prominent  ledges  in  the  region  south  of  Arkansas  River.     Within. a 
belt  50  miles  wide  on  either  side  of  the  river  the  lithologic  conditions 
change   rapidly.      At   the   Kansas-Oklahoma-Indian   Territory   line 
there  are,  between  the  Drum  limestone  and  the  Winfield  formation, 
which  is  the  highest  prominent  limestone  ledge  in  the  Permian,  no 
fewer  than  10  heavy  beds  of  limestone,  varying  in  thickness  from  5 
to  40  feet.     On  passing  southward  through  the  we^itern  part  of  the 
Cherokee  Nation  and  the  Osage  Nation  these  limestones  become  thin- 
ner and  less  conspicuous,  while  at  the  same  time  the  intervening 
shales  become  thicker  and  more  prominent,  often  becoming  arena- 
ceous, or,  indeed,  replaced  entirely  by  sandstone,  until  by  the  time 
the  Arkansas  River  is  reached  the  greater  part  of  these  limestone 
formations  have  totally  disappeared,  while  those  that  remain  liave 
l>ecome  much  thinner,  and  the  rocks  consist  entirely  of  alternating 
layers  of  sandstone  and  shale.     In  the  light  of  our  present  knowledge 
it  is  believed  that  the  l*awlmska  limestone  extends  farther  south  than 
any  of  the  others.     This  limestone  was  traced  by  Mr.  Pierce  Larkin 
as  far  south  as  a  point  9  miles  south  of  Chandler,  where  it  seems  to 
disappear  and  its  place  is  taken  by  shales  and  sandstones.     At  the 
same  time  the  shales,  which  have  been  of  a  prevailing  drab,  bluish,  or 
yellowish  color,  become  more  and  more  reddish,  until  they  gradually 
merge  into  the  typical  brick-red  shales  and  clays  that  make  up  the 
greater  part  of  the  Oklahoma  red  beds. 

This  condition  was  first  pointed  out  by  Dr.  George  I.  Adams,  who 

"Adams,  O.  I..  BuU.  U.  S.  Oeol.  Survey  No.  211,  1003,  pp.  61-65.  See  also  Adams. 
G.  1.,  Carboniferous  and  l»ermlan  age  of  the  red  beds  of  eastern  Oklnhonm  from  strati- 
graphic  evidence:  Am.  Jour.  Sci.,  4th  ser.,  vol.  12.  1901.  p.  ;J83. 

*  Prosser,  Cbas.  S.,  Revised  classification  of  the  upper  Paleozoic  formations  of  Kansas : 
Jour.  Geol..  vol.  10,  1002,  table  op.  p.  718. 
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s  made  a  special  study  of  these  conditions  in  Kansas,  Oklahoma, 
d  Texas.     In  speaking  of  the  problem,  Doctor  Adams  saj's :« 

It  appears  that  rocks  in  eastern  Oklnlionia.  which  have  been  referred  to  the 
[1  beds  on  lithologic  grounds,  are  in  part  of  Upi)er  Carboniferous  or  Coal 
Erasure  age.  The  sedimentation  from  the  Carboniferous  into  the  Permian 
an  unbroken  sequence.  From  what  is  known  of  the  Permian  limestones  of 
ansas,  they  will  be  found,  when  followed  southward,  to  diminish  in  thick- 
ess,  and  this  change  will  be  accomi)aiiied  by  a  transition  to  more  sandy 
eds.  This  is  in  acconlance  with  the  observations  made  l)y  Mr.  Gould.  The  age 
I  that  iK>rtion  of  the  red  beds  which  is  in  strike  with  tlie  I*ennian  of 
iansas  may  confidently  l>e  exi)ected  to  ha  found  to  be  of  Permian  age.  This  is 
In  aecordam*e  with  the  evidence  already  furiiislied  by  the  vertebrate  fossils. 
Above  the  Permian  limestone  in  Kansas  occur  the  Wellington  shales,  which  are 
bittigli  and  greenish  gray  in  color.  They  are  probably  represented  southwest- 
ward  by  formations  which  are  red.  The  snccee<llug  formations  are  typical  red 
beds  and  have  thus  far  yieldwl  only  Permian  fossils.  Vyyou  the  accompanying 
map  tlie  approximate  line  of  transition  in  color  has  been  drawn  with  the  jmr- 
pose  of  showing  that  it  is  diagonal  to  the  strike  of  the  Carboniferous  and  Per- 
Bian  formations. 

Doctor  Adams  found  the  conditions  in  northern  Texas  very  similar 
to  those  in  the  Kansas-Okhihoma  region.  In  Young,  Archer,  Throck- 
morton, and  Baylor  counties,  Tex.,  certain  beds  of  limestone  of 
Pennsylvania  age  thin  out  northerly  and  their  place  is  taken  by  shales 
and  sandstones,  which  become  distinctly  red  in  color.  The  line  of 
change  of  color  in  the  rocks  cuts  diagonally  across  the  strike  of  the 
beds,  very  much  as  in  northeastern  Oklahoma.  Doctor  Adams  does 
not  attempt  to  draw  the  line  between  the  Pennsylvanian  and  the  Per- 
mian in  either  Oklahoma  or  Texas.^ 

From  this  it  follows  that  the  line  of  separation  between  Pennsyl- 
vanian and  Permian  rocks  must  be  drawn  far  out  in  the  red  beds.  If 
the  Wreford  limestone  be  accepted  as  the  base  of  the  Permian  in  Kan- 
«s,  the  lo<!ation  of  the  line  of  separation  is  a  matter  of  the  location 
)f  the  Wreford  in  Oklahoma.  This  ledge  is  known  to  outcrop  on 
Beaver  Creek  in  the  Kaw  Reservation,  and  has  been  traced  south  by 
tfr.  Charles  A.  I^)ng  across  the  western  part  of  the  Osage  Nation  to 
I  point  in  the  big  bend  of  the  Arkansas,  about  10  miles  west  of  Ral- 
ton  and  about  8  miles  northeast  of  the  mouth  of  Red  Rock  Creek, 
vhere  it  is  striking  southwest.  It  is  probal)ly  represented  south  of 
he  river  in  one  of  the  ledges  of  limestone  which  are  known  to  occur 
nthe  eastern  part  of  Nol)le  County,  but  until  it  is  definitely  located 
he  line  of  separation  can  only  lx»  approximated.  P^or  the  present, 
hen,  it  will  be  drawn  roughly  through  eastern  Noble,  western  Payne, 
a«tem  Logan  and  Oklahoma,  and  western  Cleveland  counties, 
pproximately  paralleling  the  Atchison,  Topeka  and  Santa  Fe  Rail- 
oad  on  the  east  as  far  as  the  vicinity  of  Oklahoma  City,  near  which 

•Adams.  Geo.  I.,  Op.  clt.,  pp.  .385-380. 

*  Adams.  Geo.  I..  Stratigrapbic  relations  of  the  red  beds  to  tbe  Carboniferous  and 
mnian  lo  northern  Texas:  Bull.  GeoL  Soc.  America,  vol.  14,  1903,  pp.  191-200. 
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place  it  crosses  that  lino  of  road  and  strikes  South  Canadian  River 
in  the  western  part  of  the  Chickasaw  country,  west  of  the  Arbuckk 
Mountains,  and,  if  carried  across  Red  River,  wiU  finally  reach  thi 
region  of  the  western  limit  of  the  known  Pennsylvanian  in  Texas.' 

DESCRIPTION   OF  PENNSYLVANIAN  BOCKS. 

If  the  line  of  separation  between  the  Pennsylvanian  and  Permiai 
rocks  of  Oklahoma  be  drawn  at  the  line  above  indicated,  then 
are  in  eastern  Oklahoma  alx)ut  5,000  square  miles  of  Pennsylvania! 
rocks.  In  the  southern  part  of  the  area  the^je  rocks  are  almost  entirelj 
red  sandstones  and  clays;  in  the  northern  part  they  consist  of  alter 
nating  layers  of  clays,  sandstones,  and  limestones  of  various  colors 
The  line  of  separation  lx>tween  the  two  kinds  of  Pennsylvanian  rockl 
can  never  be  sharply  drawn,  for  the  reason  stated  above,  that  whih 
all  the  rocks  are  in  regular  succession  they  vary  in  lithologic  chari 
acter  along  the  strike.  To  express  the  condition  more  forcibly, 
statement  may  l>e  made  that  the  rocks  of  the  two  sections  doveti 
into  each  other;  for  in  the  region  along  Arkansas  River  there  are  i 
shales  extending  northward  into  limestone-sandstone  regions  and 
beds  of  limestone  extending  south  into  the  red-clay-shale  country. 
As  stated  by  Adams,  there  is  an  embayment  of  red  sediments  extending 
far  to  the  east  among  Pennsylvanian  strata. 

For  purposes  of  description  it  is  proposed  to  divide  the  rocks  into 
two  districts,  the  names  Hominy  and  Chandler,  by  which  these  dis- 
tricts will  be  known,  being  used  only  as  convenient  working  terms. 

Ilontl)}}/  (lifitrnt. — The  Hominy  distrid  includes  the  area  of  out- 
crop of  all  the  Carboniferous  rocks  of  the  Osage  and  Kaw  reserva* 
lions  which  lie  below  the  Wreford  limestone.  The  formation^ 
exposed  in  this  district  include  the  southern  extension  into  Oklahonn 
of  the  Pottawatomie,  Douglas,  Shaw  nee,  Wabaunsee,  (^ttonwood,*  an< 
Neosho  "^  fornuitions  of  the  Kansas  geologists  and  have  a  thicknef? 
of  over  1,500  feet.  In  the  eastern  part  of  the  Osage  Nation  the  rock 
are  chiefly  sandstones  and  shales,  with  some  massive  beds  of  fossilii 
erous  limestones,  while  farther  west,  along  the  headwaters  of  Homin; 

«  Durlnj?  the  summer  of  1904.  since  the  alwve  was  written.  Mr.  Charles  T.  Kirk,  worl 
Injj  under  the  direction  of  the  Olclahoma  Geological  Survey,  traced  out  the  line  of  ou 
crop  of  the  Wreford  limestone  south  across  Olclahoma.  Startinp  on  Little  Reave 
Creek.  In  the  Kaw  Reservation,  he  followed  the  ledge  across  Arkansas  River  and  foun 
(hat  in  Payne  County  the  limestone  disappeared  and  its  place  was  taken  by  a  led}?e  < 
sandstone  to  which  the  name  Payne  sandstone  was  applied.  This  ledge  was  trac€ 
southwest  across  Cimarron,  Deep  Fork,  and  North  Canadian  rivers,  through  wester 
Lincoln,  eastern  Oklahoma,  and  central  Cleveland  counties.  It  crosses  South  Canadir 
River  near  l»urcell.  In  southern  Oklahoma  the  ledge  lies  some  15  to  20  miles  east  < 
the  line  of  Pennsylvanian-Permlan  contact  indicated  on  PI.  L  For  full  description  st 
Mr.  Klrk's.paper  In  Third  Bien.  Rept.  Okla.  Geol.  and  Nat.  Hist.  Survey,  1904,  pp.  5-1- 

*  Haworth.  Erasmus,  I'nlv.  Oeol.  Surv.  Kansas,  vol.  3,  1898.  pp.  91.  94. 

'•  Prosser,  Chas.  N..  Classlflcatlon  of  the  upper  Paleozoic  rocks  of  central  Kansas 
Jour.  Geol.,  vol.  3,  1895,  p.  797. 
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Creek  and  on  Salt  and  Beaver  creeks,  the  sandstones  are  rare,  and 
heavy  beds  of  cherty  limestone  make  up  the  greater  part  of  the  rocks. 
To  the  south  the  limestones  thin  out,  and  in  the  vicinity  of  Arkansas 
River  change  into  red  shales. 

The  name  Hominy  is  from  Hominy  Creek,  in  the  southern  part 
of  the  Osage  country,  which  flows  across  practically  all  formations 
represented  in  this  district. 

Chandler  district, — The  Chandler  district  includes  the  area  of  out- 
crop of  all  the  strata,  chiefly  shales  and  sandstones,  from  the  eastern 
lioundary  of  the  red  l)eds  westward  to  the  base  of  the  Permian,  near 
the  line  of  the  Atchison,  Topeka  and  Santa  Fe  Raih'oad,  including 
part  of  Pawnee,  all  of  Lincoln  and  Pottawatomie,  and  the  eastern 
parts  of  Noble,  Payne,  Logan,  Oklahoma,  and  Cleveland  counties. 
It  corresponds  practically  to  the  southern  continuation  of  the  Flint 
Hills  of  Kansas  and  the  Osage  Nation,  which  disappear  about  the 
line  of  Arkansas  River.  Perhaps  it  would  be  more  correct  to  say 
that  the  rocks  of  this  district  are  in  strike  with  those  of  the  Flint 
Hills. 

In  general,  the  rocks  of  this  district  consist  of  alternating  strata  of 
red  and  whitish  sandstone  and  red-clay  shale.  Along  the  streams  the 
sandstones  outcrop  as  ledges  20  feet  or  more  thick,  sometimes  form- 
ing small  waterfalls  in  some  of  the  streams.  To  the  east  of  the  Santa 
Fe  Railroad  the  sandstone  beds  are  mast  abundant,  but  they  are 
grayish  or  almost  white,  though  the  intervening  clay  is  always  red. 
Business  blocks  at  Perry,  Orlando,  Mulhall,  Guthrie,  Edmond,  Okla- 
homa City,  Norman,  and  Noble,  along  the  line  of  the  Santa  Fe  Rail- 
road, are  built  of  red  sandstone.  The  buildings  of  the  Oklahoma 
Agricultural  and  Mechanical  College,  at  Stilhvater,  and  many  of  the 
business  blocks  at  Shawnee  are  constructed  of  the  lighter-colored 
stone.  Practically  all  of  the  towns  in  Lincoln,  Payne,  and  Potta- 
watomie counties,  and  those  in  the  eastern  parts  of  Noble,  Logan, 
Oklahoma,  and  Cleveland  counties,  contain  buildings  constructed  of 
either  the  red  or  gray  sandstone.  Through  the  entire  region  it  is 
used  for  the  abutments  of  bridges,  for  corrals  and  small  buildings, 
and  not  infrequently  for  dwellings. 

The  sandstone  is  water  bearing.  S])rings  are  not  uncommon,  and 
water,  which  is  ordinarily  soft  and  suitable  for  all  domestic  purposes, 
is  usually  found  in  wells  at  moderate  depths.  It  is  the  best  water 
found  anywhere  in  the  red  beds  below  the  Quartermaster  formation. 

The  region  is  well  Avooded.  Trees  grow  along  the  streams  and  in 
many  places  on  the  hills.  Th(»  three  eastern  counties,  especially, 
are  covered  with  a  c(msiderable  gi-owth  of  the  more  hardy  forest 
trees,  notably  oak  and  hickory.     Along  the  line  of  the  Santa  Fe 
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Railroad  the  uplands  aiv  level  prairie  and  the  bottom  lands  are 
tinilx^red.     We.st  of  this  line  the  timber  becomes  less  plentiful. 

While  fossils  are  not  particularly  common  in  the  Chandler  district, 
still  a  number  of  localities  have  been  found  which  yield  typical 
Pennsylvanian  invertebrates.  Near  Chandler,  the  county  seat  of 
Lincoln  County,  for  which  the  district  is  named,  the  following  fonns 
were  found:  Allorisima  aubcuneata^  Piiimi  peracuta^  Spirifer  came- 
raffffi,  Meekella  straticostata^  Productu^  semireticulatus,  and  Athyrii 
aubtilita. 

PERMIAN    SERIES. 
PtSMlAN    BCM^KS   OF    KANSAS. 

AccordiufT  to  the  classification  of  the  Kansas  geologist^),  notably 
Prosser,  the  line  of  separation  lH»twcH?n  the  Carboniferous  and  Per- 
mian in  Kansas  has  Iwen  drawn  at  the  base  of  the  Wreford  limestone^ 
a  ledge*  typically  exposed  near  Junction,  Kans.,  on  Kansas  River.* 
In  southern  Kansas  this  ledgi*  outcrops  near  the  summit  of  the 
Flint  Hills  in  eastern  Cowley  County  and  along  Grouse  Creek,  near 
Dexter,  and,  as  stated  above,  is  foinid  in  Oklahoma  along  Little 
Beaver  Creek,  in  the  Kaw  RestTvation,  and  in  the  western  part  of 
the  ()sag(»  Nation  as  far  south  as  Arkansas  River.  Above  the 
Wreford  limestone  in  southern  Kansiis  and  eastern  Kay  County, 
Okla.,  there  are  at  least  three  heavy  beds  of  limestone  with 
interbedded  shales,  known  as  the  P^'lorence  flint.  Fort  Riley  limestone, 
and  the  Winfield  formation.  Above  the  Winfield  formation  lime- 
stones Iwcome  less  prominent  and  clays  and  shales  make  up  the 
greater  part  of  the  series.  These  formations  above  the  limestone 
menilx'i's  constitute  the  Marion  formation  of  Prosser  and  the  Well- 
ington shales  of  Cragin.'*  In  general,  lx)th  the  Marion  and  Welling- 
ton formations  consist  of  gi'ay,  blue,  drab,  and  yelloAvish  shales  with 
a  few  ledges  of  impure  limestone.  The  extensive  salt  beds  in  central 
and  southern  Kansas  and  the  deposits  of  gyj)suin  in  several  counties 
of  Kansas  and  in  Kay  (>)inity,  Okla.,  are  fomid  in  these  rocks 
These  two  formations,  however,  apjx»ar  not  to  be  sharply  defined,  and 
inasmuch  as  both  consist  of  rocks  of  essentially  the  same  character 
a  definite  line  of  separation  will  j)robably  not  l)e  drawn  between 
them,  and  it  is  not  impossible  that  as  a  result  of  more  exact  knoAvl- 
edge  of  the  conditions  both  formations  will  finally  be  grouped 
together. 


•  Prosser.  Chas.  S.,  Revised  classiflcation  of  the  upper  Paleozoic  formatlonB  of  Kansas 
Jour.  Geol.,  vol.  10,  1902,  p.  703. 

*  See  articles  by  Professor  Prosser.  Jour.  Oeol.,   vol.  8,   ISO.*),  pp.   764-796 ;  and   bj 
Professor  Cragin,  Colorado  Col.  Studies,  vol.  6,  1896.  pp.  8-18. 
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The  southern  extension  of  the  Marion  and  Wellington  formations, 
as  well  as  the  southern  part  of  the  Flint  Hills,  reach  from  Kansas 
,    into  Oklahoma.    The  Flint  Hills,  as  stated  above,  occupy  the  western 
\    part  of  the  Osage  Nation,  all  of  the  Kaw  Reservation,  and  the  eastern 
I    part  of  Kay,  Noble,  and  Pawnee  counties.    The  southern  extensions 
of  the  Marion  arid  Wellington  occur  in  western  Kay  County  and  pass 
mto  the  Ponca  and  Otoe  reservations,  occupying  a  triangular  area 
between  the  Flint  Hills  and  the  red  beds.    A  glance  at  the  map  (PI. 
I)  will  reveal  the  fact  that  these  formations  narrow  rapidly  in  north- 
em  Oklahoma  and  their  place  is  taken  by  the  red  beds.     Perhaps 
I    it  is  more  correct  to  state  that  the  color  of  the  shales  changes  to  the 
iiouth,  becoming  red,  while  at  the  same  time  more  of  the  red  sand- 
:  tjtoue  comes  in,  so  that  finally  the  formation  (changes  to  typical  red 
beds.   On  the  State  line  the  distance  from  the  Winfield  formation,  the 
upper  conspicuous  limestone  memlwr,  to  the  eastern  outcrop  of  the 
red  beds  is  perhaps  30  miles;  on  the  southern  line  of  Kay  County, 
Okla.,  it   is  not  more  than   15  miles,  while  farther  south  the  line 
of  separation  -can  not  l)e  determined,  for  the  reason  that  the  lime- 
stone disappeai*s  and  its  j)lace  is  taken  by  red  shales  and  sandstones. 
In  southern  Kansas  there  are  three  distinct  kinds  of  Permian  rocks : 
First,  the  heavy  limestones  in  eastern   Cowley  County  and   along 
Walnut  River;  second,  the  bluish  and  gray  clays  and  shales  of  the 
Marion  and  Wellington  formations  from  Walnut  River  to  western 
Sumner  County;  and  third,  the  typical  red  beds  consisting  of  red 
sandstones  and  clays  extending  from  this  point  nearly  to  the  west 
line  of  the  State.     In  eastern  Oklahoma,  on  the  other  hand,  only 
the  red  l)eds  appear. 

Thus  it  is  seen  that  the  red  .beds  extend  farther  east  in  Oklahoma 
than  in  Kansas,  and  that  the  eastern  limit  of  the  red  beds  does  not 
coincide  with  the  line  of  separation  between  the  Pennsylvanian  and 
Permian.  In  other  words,  the  red  color  of  the  rocks,  which  has  Ix^en 
thought  characteristic  of  only  the  Permian  of  the  region,  in  fact 
transgresses  far  into  the  region  of  the  Pennsylvanian  rocks.  This 
means,  of  course,  that  the  line  of  si^paration  b(»tween  the  rocks  of  these 
two  epochs  must  finally  be  drawn  far  out  in  the  red  beds,  and  this  the 
writer  has  attempted  to  do.« 

GENEBAL    RELATIOiNS    OF    PKKMIAN    KOCKS    IN    OKLAHOMA. 

Permian  rocks,  usually  known  as  the  '*  red  In^ds,''  occupy  the  greater 
part  of  Oklahoma.  This  series  of  rocks  is  by  far  the  most  inif)()rtant 
in  the  Territory,  inasmuch  as  it  is  not  only  the  origin  of  nearly  all 
the  soils,  but  it  also  supplies  most  of  the  building  stone,  g^'psum, 

«  See  footnote,  p.  32. 
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salt,  and  other  economic  products,  and  at  the  same  time  furnishes 
the  water  supply  for  the  greater  part  of  the  Territory.  These  rocks 
have  Iwen  studied  for  a  number  of  years  both  in  Kansas  and  Texas, 
and  considerable  literature  has  accumulated  upon  the  subject,®  but  no 
attempt  has  ever  been  made  to  write  a  description  of  the  red  beds  ass 
whole,  nor  is  such  a  task  contemplated  here.  All  that  is  attempted 
is,  first,  to  give  only  such  references  as  will  enable  the  reader  to  under- 
stand former  classification,  and  afterAvards  to  present  a  classification, 
based  upon  the  results  of  several  years  field  work,  that  is  believed  to 
embody  such  conditions  as  exist  in  Oklahoma. 

The  geological  age  of  the  I'ed  beds  has  long  been  an  open  question. 
The  reason  for  this  uncertainty  has  always  been  a  lack  of  fossils, 
for  until  within  the  past  few  years  organic  remains  had  been  found 
in  but  (me  or  two  localities  in  the  Oklahoma  i-ed  beds,  and  in  Kansas 
none  at  all.  Rec^ently,  however,  fossils,  both  vei-tebrates  and  inver- 
tebrates, all  of  Permian  age,  have  l)een  discovered  in  at  least  five 
general  localities  in  the  red  IhhIs  of  Oklahoma.  It  seems  reasonably 
certain,  however,  as  shown  by  Adams,''  that  a  large  part  of  the 
typical  red  beds  rocks  in  eastern  Oklahoma  are  really  Pennsylvanian 
in  age,  and,  on  the  other  hand,  since  fossils  are  not  at  the  present 
time  known  to  exist  in  the  higher  menibei's  of  the  series,  the  age  of 
that  part  of  the  red  IkhIs  is  still  open  to  doubt.  And,  moreover,  until 
the  correlation  with  the  Texas  red  l)eds  has  been  more  fully  worked 
out  and  fossils  collected  and  identified  throughout  the  entire  region 
the  matter  can  not  l)e  considered  as  settled.  In.stead  of  using  any 
strictly  geologic  term  in  sj)eaking  of  the  rocks  of  the  si»ries  the 
writer  will  employ  the  name  of  "  red  IrmIs,''  by  which  the  rocks  arc 
generally  known,  to  include  the  rocks  of  both  the  Pennsylvanian 
and  Permian  ages,  it  being  understood  that  the  rocks  above  the  lower 
part  of  the  Enid  formation  are  regarded  as  Permian  in  age  and 
tho.se  l)elow  this  point  as  Pennsylvanian. 

The  red  beds  area  of  the  southern  i)art  of  the  (ireat  Plains  extends 
for  600  miles  or  more  across  Kansas,  Oklahonui,  Indian  Territory, 
Texas,  and  New  Mexico.  The  most  northern  exposure  of  the  beds, 
so  far  as  known  to  the  writer,  is  near  Arlington,  a  few  miles  south 
of  Hutchinson,  Reno  County,  Kans.  To  the  southwest  they  pass 
under  the  Tertiary  of  the  High  Plains,  or  Llano  Estacado,  and 
appear  in  the  valleys  of  the  Pecos  and  Rio  Orande  in  New  Mexico. 

The  eastern  border  of  the  outcroj)  of  the  red  beds  in  Kansas  and 
Oklahoma  is  a  crescent-shaped  line  running  southeast  from  near 
Hutchinson  and  east  of  Kingman,  Kans.,  crossing  the  Kansa.s- 
Oklahoma  line  at  Caldwell,  then  trending  southeast    near  Xardin, 

■  See  under  "  Clnsslflcatlou."  *  Lor.   cit. 
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Toiikawa,  and  Red  Rock,  cutting  diagonally  across  the  strike  of 
Pennsylvanian  limestones  and  shales  through  the  eastern  parts  of 
Payne  and  Lincoln  counties  to  the  western  part  of  the  Creek  and 
Seminole  nations.     Here  the  line  swings  to  the  southwest  and  con- 
tinues through  the  Chickasaw  Nation  to  the  vicinity  of  Davis,  Ind.  T., 
jjasses  around  the  western  end  of  the  Arbuckle  Mountains,  crossing 
Red  River  35  miles  west  of  Gainesville,  Tex.,  and,  as  stated  by  Adams, 
1  cuts  diagonally  across  the  strike  of  Pennsylvanian  rocks  in  Archer, 
i  Young,  and  Throckmorton  counties,  Tex."     Wherever  exposed,  the 
'  rocks  of  this  serie.s  along  their  eastern  border  merge  into  the  Penn- 
syhanian  limestones  and  shales. 

The  western  limit  of  the  red  beds  in  Oklahoma  and  Kansas  is  much 
more  irregular.  In  all  instances,  so  far  as  observed,  the  upper  line 
is  one  of  unconformity.  The  superjacent  rocks  range  from  the 
I/)wer  Cretaceous  to  those  of  the  latest  geologic  formations,  but  by 
far  the  greater  part  of  the  overlying  dei)osits  are  of  the  later  Tertiary 
age.  In  places  the  Tertiary  deposits  extend  east  along  some  divide 
nearly  across  the  red  beds  area.  In  other  localities  they  have  been 
almost  removed  by  erosion  and  the  red  l^ds  are  exposed  far  to  the 
west  of  the  main  body.  Along  the  valleys  of  the  larger  streams  the 
red  r(x»ks  reach  many  miles  westward,  although  the  level  uplands  are 
covered  by  the  Tertiary  beds.  The  South  Canadian,  for  instance, 
has  cut  through  the  Tertiary  deposits  for  practically  its  entire  course 
across  the  plains,  and  red  beds  are  everywhere  exposed.  Other 
streams,  including  the  Salt  Fork,  Cimarron,  North  Canadian, 
Washita,  and  Red  rise  in  the  Tertiary  deposits  west  of  the  red  beds 
and  flow  southeast  across  these  beds  and  pass  into  the  Pennsylvanian 
area  to  the  east.  It  is  along  the  course  of  these  rivers  that  some  of 
the  finest  exposures  of  the  red  beds  may  be  seen. 

CLASSmCATION. 

The  red  beds  in  Texas  were  described  by  Professor  Cummins  ^  in 
i891.  He  divided  the  series  into  the  Wichita  beds,  the  Clear  I^'ork 
lieds,  and  the  Double  Mountain  beds.  In  1002  Professor  Hill  pro- 
posed the  term  "  Brazos  series ''  to  apply  to  the  red  beds  as  a  whole  ^ 
Professor  Cragin  has  published  two  pa])ers  on  the  red  beds  of  Kansas 
and  Oklahoma.  In  his  first  paper,  published  in  189(5,''  the  red  beds 
were  designated  the  Cimarron  series  in  contradistinction  to  the  Big 

■  Op.  cit.,  p.  196. 

*  Cummins,  A.  W.,  Second  Ann.  Kept.  Geol.  Survey  Texas.  1891.  pp.  ,394-424. 

cHIlI,  Robert  T.,  Geology  and  geography  of  the  Black  and  Grand  prairies,  Texas: 
Twenty-flrat  Ann.  Rept  U.  S.  Geol.  Survey,  pt.  7,  1901,  p.  100. 

'Cragin,  F.  W.,  The  Permian  system  In  Kansas:  Colorado  Col.  Studies,  vol.  6,  1896. 
p.  3. 
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Blue  series  or  lower  Permian,  and  the  Permian  rocks  were  divided  i\^ 
follows  : 


Cimarron  series.. 


Big  Blue  series. 


Eiger  division. 


Big  Basin  sandstone. 
Hackberry  shales. 
Day  Creek  dolomite. 
Red  Bluff  sandstone. 
Dog  Creek  shales. 
Cave  Creek  gypsnms. 
Flowerpot  shales. 
Cedar  Hills  sandstones. 
Salt  Plain  measures. 
Harper  sandstone. 

(Snmner  division |™°«^°  **•**• 

I  IG^etida  salt  measures. 

"Ipiint  Hills  division. . . .{^»*»f  "^estones  (Prosser). 
I  Neosho  shales  (Prosser). 


Salt  Fork  division . 


Professor  Cragin  afterwards  adopted  Prosser's  name,  Marion, 
instead  of  Geuda  sjilt  mea^sures.  In  a  subsequent  paper  Professor 
Cragin  modified  his  classification  of  the  Cimarron  as  follows: « 


{Taloga  .     Quite  variable  with  locality. 
Day  Creek None. 
Red  Bluff None  determined. 

DDK  Creek  (Stony  Hms)..P»PJ^"'  dolomite. 

I  Amphitheater  dolomite. 

(Shimer  gypsum. 
Jenkins  clay. 
Medicine  Lodge  gypsum. 

Glass  Mountain        iY}'7^^!:  ^^'^?- 

ICedar  Hills  sandstone. 

Kingfisher jSalt  Plain. 

I  Harper. 

The  writer  has  spent  four  seasons  in  studying  the  red  beds  of  Okla- 
honui  and  finds  that  there  are  local  conditions  which  make  it  desirable 
to  propose  a  somewhat  ditfcrent  classification  from  any  previously 
suggested.  The  writer  has  used  the  earlier  classifications  as  far  as 
they  can  Ini  apj)lied,  and  he  has  adopted  the  names  which  are  equiva- 
lent to  those  that  he  recognizes,  but  where  new  clas.sification  has 
l)econie  necessary  he  has  given  new  names  to  avoid  confusion  of  terms. 

The  following  table  shows  the  relation  of  Profe.ssor  Cragin's 
revised  classification  to  the  one  used  in  this  report  :^ 

"  Crapln,  F.  W..  Oh»ervatlonH  on  the  Cimi\n<»n  series:  Am.  (ieoIoglBt,  vol.  19,  1897, 
pp.  3r.i-:j«j;?. 

"See  article  by  the  writer  In  Seond  HIen.  Kept.  Oklahoma  (Jeol.  and  Nat.  Hist.  Suryej, 
1901',  pp.  42  et  se<i. 
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CniTin's  claasiflcation. 


Classiflcation  used  in  this  report. 


Taloga. 


Day  Creek 

Red  Bluff 

Dog  Creek  (Stony  Hills) 

Cave  Creek 


Glaas  Mountain . 
Kingfisher  ...... 


'Quartermaster  formation. 

Mangnm  dolomite  member. 
Collingsworth  gypsmn  member. 
Cedartop  gypsum  member. 
Haystack  gypsum  member. 
Eiser  gni>8um  member. 
Chaney  gypsum  member. 

IDay  Creek  dolomite  member. 
Whitehorse  sandstone  member. 
Dog  Creek  shales  member. 


Greer  formation. 


Woodward  forma- 
tion  


iShimer  gyiwum  member. 
Medicine  Lodge  gypsum  member. 
Ferguson  gypsum  member. 
^Enid  formation. 


The  term  "  formation  "  is  here  used  in  a  general  sense  to  designate  a 
larger  or  smaller  sequence  of  strata,  which  in  one  instance  corresponds 
to  a  formation  having  a  simple  and  uniform  lithologic  character,  or 
in  another,  to  a  group  of  such  formations.  The  classification  is 
intentionally  elastic,  since  the  precise  stratigraphic  relations,  which 
could  be  determined  only  with  accurate  base  maps  and  detailed 
surveys,  have  not  yet  been  ascertained.  The  generalized  section 
shown  in  fig.  2  represents  graphically  the  classification  used,  in  this 
report. 

ENID    FOBMATION. 

The  Enid  formation  includes  all  the  rocks  of  the  red  beds  from 
the  ba.se  of  the  Permian  to  the  lowermost  of  the  gypsum  ledges  on 
the  eastern  slope  of  the  Gypsum  Hills.  The  top  of  this  formation, 
however,  is  not  a  plane,  since  the  gypsum  beds,  which  mark  its  upper- 
most limits,  are  found  to  be  more  or  less  lenticular  when  traced  for 
long  distances.  The  Enid  comprises  all  of  the  Har])er,  Salt  Plain, 
and  Cedar  Hills  members  and  the  greater  part  of  the  Flowerpot  mem- 
ber of  Cragin's  first  paper  and  the  Kingfisher  and  Glass  Mountain 
formations  of  his  .second  paper.  It  is  named  from  the  county  seat  of 
Garfield  County. 
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Tertiary 


QaartermaKter    SOO' 


Greer    275 


Coarse  ••ndatoue  and 
•hale 


Woodward    423^, 


Delhi  rdolomlte;  t 

CoIIInftworth  (fypitim>C 

Hay  tuck  ( gypiam> 
5J««r   (ffypioni) 
i/hauey  (rypiuni) 

*D«y  Creek  (dolomite  > 
Red  Bluff  (laDditouc 


Dot  Creek   ihalei 


^Shlmer    (lyptum) 
Blaine    lOO'     Medicine  Lod,e  .. 


Enid    ISOO' 


F.O.  =^-««''«:«"f«^  f  etlon  of  the  Oklahoma  Permian  red  beds.     In  the  ab< 
Delhi     Should  read  Mangum  and  ••  Red  Bluff"  Whltehorse 
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i  The  Enid  outcrops  over  a  larger  area  than  any  other  formation 
j  of  the  Permian  in  Oklahoma  and  is  exposed  extensively  in  adjoining 
States.  In  Kansas  it  outcrops  over  parts  of  Siunner,  Kingman, 
R^no,  Barber,  and  Comanche  counties  and  all  of  Harper  County.  In 
Oklahoma  it  is  found  in  the  western  parts  of  Kay,  Noble,  Payne, 
Logan,  Oklahoma,  and  Cleveland,  parts  of  Woods,  Woodward, 
Blaine,  and  Canadian,  and  all  of  Kingfisher,  Garfield,  and  Grant 
t-ounties.     It  also  extends  into  the  Chickasaw  Nation. 

The  Enid  formation  consists  chiefly  of  brick-red  clay  shales,  with 
some  interbedded  ledges  of  red  and  whitish  sandstone.  It  occurs  in 
two  general  areas,  which  may  be  distinguished  on  lithological  grounds 
as  follows :  An  eastern  area,  in  which  there  are  a  few  inconspicuous 
ledges  of  sandstone,  and  a  western  area,  in  which  the  sandstones  are 
mostly  wanting.  In  the  present  state  of  knowledge  it  is  impossible 
to  draw  an  accurate  line  of  separation  between  these  two  areas,  and 
for  this  reason  the  strata  in  them  are  not  defined  as  separate  members. 
The  eastern  area  of  the  Enid  formation  is  triangular  and  occupies 
several  counties  in  the  central  part  of  the  Territory,  in  which  there  is 
little  hard  rock  of  any  kind.  Its  eastern  boundary  is  approximately 
along  a  line  from  Blackwell  to  Norhian  and  its  western  limit  is  along 
a  line  from  Alva  to  El  Reno.  It  includes  eastern  Blaine,  Canadian, 
and  Woods  counties,  all  of  Grant,  Garfield,  and  Kingfisher,  and  the 
western  parts  of  Kay,  Noble,  Logan,  Oklahoma,  and  Cleveland 
counties. 

Tliroughout  this  area  the  soil  is  red,  except  where  later  deposits 
cover  the  uplands  or  among  the  sand  hills  north  of  some  of  the 
streams.  Red  clays  and  occasional  ledges  of  thin  sandstone  outcrop 
along  the  bluffs  of  a  few  streams.  These  sandstone  ledges,  however, 
are  of  comparatively  little  economic  value,  being  generally  too  soft  for 
building  purposes.  Quarries  occur  near  Nardin,  Kingfisher,  Hen- 
ne^ssey,  and  Luella.  In  the  general  absence  of  building  stone,  founda- 
tions for  houses  are  usually  made  of  brick,  and  artificial  stone  may 
come  into  use  extensively. 

The  rocks  of  the  western  area  of  the  Enid  consist  chiefly  of  red 
clay  shale,  some  inconspicuous  ledges  of  soft  sandstone,  and  occasional 
bands  of  whitish  or  greenish  shales,  which  vary  from  1  inch  to  sev- 
eral feet  in  thickness.  The  upper  strata  are  in  places  highly  gypsif- 
erous,  and  at  some  localities  brine  springs  issue  from  them.  No 
attempt  is  made  to  separate  the  eastern  and  western  areas  of  the  Enid 
formation,  except  to  state  that  they  are  sometimes  separable  locally  a 
few  miles  east  of  the  base  of  the  Gypsum  Hills. 

The  Enid  formation  is  in  most  places  strongly  impregnated  with 
mineral  salts,  particularly  common  salt  and  gypsum.  In  many  local- 
ities the  water  from  the  wells  is  unfit  for  drinking,  and  the  people  are 
obliged  to  use  cistern  water. 
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In  the  western  area,  along  the  basi>  of  the  Gypsum  Hills,  salt  meas- 
ures are  prominent;  The  Little  Salt  Plain,  in  northern  Woodward 
County,  near  the  Kansas  line,  and  Big  Salt  Plain,  in  the  northeast- 
ern part  of  the  same  county,  are  both  loc^ated  in  the  Cimarron  chan- 
nel, while  the  Salt  Creek  Plain,  in  north-central  Blaine  County,  ti 
on  a  tributary  of  the  same  river.  At  the  Salt  Creek  Plain  some 
of  the  most  typical  saline  springs  in  the  Territory  may  be  seen.  In 
several  canyons  at  the  head  of  Salt  Creek  are  exposures  of  a  grayish- 
red,  mottled,  saliferous  sandstone.  This  sandstone  is  often  distinctly 
cross-l>edded,  and  api)ears  to  have  been  tilted;  from  it  issue  numer- 
ous springs  of  strong  brine.  So  far  as  known,  this  sandstone  is  not 
found  elsewhere  in  the  region,  and  it  seems  to  l)e  a  local  phase  of  the 
clay-shale  formation.  It  is  possible,  however,  that  these  sandstones 
are  not  themselves  salt  l)earing,  but  are  merely  porous  strata  througli 
which  brines  from  some  deep-seated  source  reach  the  surface.  The 
water  from  the  springs  issuing  from  the  various  canyons  fomis 
rills,  which,  in  turn,  unite  to  form  the  headwaters  of  Salt  Creek. 

Above  the  level  of  the  Salt  Plains  and  below  the  gypsum  ledges 
there  intervene  150  or  200  feet  of  red  clay  shale,  which  is  interspersed 
with  bands  of  whitish,  greenish,  and  bluish  clay  and  local  thin  ledges 
of  gypsum. 

The  following  analyses  of  shales  from  the  slope  of  the  Gypsum 
Hills  indicate  their  chemical  constitution: 

Analysis  of  clay  from  Stucks  Canyon,  at  the  head  of  Salt  Creek,  4  fniles  ice«t  oi 
FcryuHon,  Blaine  County,  Okla, 

Per  cen< 

Silioa (J4. 1 

Calcium    oxide 1.  3 

Iron  oxide 8.  ^ 

Aluininum   oxide 14.* 

MajEniesiiiin   sulphate ,       5.  • 

Maguesiuni  earlx)uate_-  __  .i 

Water.-      a- 

Total lOa^J 

Analysis  of  so-valled  copper  ore  from  Henquenets  Canyon,  on  Salt  Creek,  4  miU 
vast  of  Fcrf/itson,  lilainc  County,  Okla. 

Pep  ceD 
Silica  and  insoluble  silicates.     _.  _._ 67.4 

Iron  oxide  _    ._ 16.9 

Cak-iuni    carbonate.-     1.8 

Maj^nesiuni    carbonate . 5.4 

Sodium   chloride  __ ^  4.  9 

Water- 3.4 

Total 100.0 

The  niatorial  analyzed  was  a  ccmcretion-like  piece  of  green  clay  o 
shale.     It  is  thought  by  some  to  be  copper  ore,  on  account  of  its  coloi 


U.  «.  QCOCOOCAL  8URVEV 


WATER-SUPPLY    PAPER   NO.   148      PU  VII 


A.     TYPICAL  RED-BEDS   EROSION. 


J?.     RED-BEDS  SLOPE  BELOW    MASSIVE  GYPSUM. 


PERMIAN   SERIES.  43 

but  it  <-ontaiiis  no  copper,  and  the  grwn  color  is  clue  to  some  form 
of  iron,  probably  a  mixture  of  ferrous  and  ferric  oxides. 

Altai y9i9t  of  ffypMiferous  green  clay  ft-om  slope  of  the  Gypsum  HiUs,  near  Mount 
I  Heman,  eastern  Woodward  County,  Okla. 

Ver   cent. 

Calcium   8ulphate r>aoii 

Calcium  oiirbonate 5.35 

Ma^esiuin  carbonate 3. 41) 

Water 15.  .38 

Oxicle«  of  iron  and  aluminum 3.27 

8illc-n  ami  insoluble  residue 1.3.  .^)8 


Total m.  13 

The  very  soft  material  of  which  this  shale  is  composed  renders  it 
particularly  susceptible  to  the  action  of  weathering  and  the  entire 
thickness  is  characterized  by  such  marked  erosion  forms  as  are  shown 
on  PL  VII,  B.  A\lierever  the  cap  of  gj'psum  has  been  removed  over 
any  considerable  area,  or  for  any  great  length  of  time,  these  shales 
have  l)een  worn  away.  Perhaps  the  most  common  erosion  form  is 
that  of  cones  of  red  clay  cut  by  deep  and  uneven  gullies — regular 
Imdlands  structure.  Not  infrequently  rows  of  these  cones  are 
arranged  palisade-like  along  the  summit  of  a  fast-disappearing  ridge 
into  which  gullies  are  eating  their  way  (PI.  VII,  A.)  In  the  (Jlass 
Mountains,  for  instance,  the  slope  of  the  bluffs  below  the  gypsum 
ledges  is  much  cut  by  erosion.  The  action  of  the  water  has  pro- 
duced a  great  variety  of  unusual  forms ;  small  buttes  and  buttresses, 
cones  and  minarets,  pinnacles  and  peaks,  shoulders  and  ridges, 
domes,  towers,  chimneys,  gullies,  ravines,  and  all  sorts  of  fantastic 
shapes  have  been  carved  by  erosion  from  the  blood-red  shales  along 
the  slope  of  the  bluffs. 

The  face  of  the  bluffs  is  frequently  covered  with  fragments  of  gyp- 
simi,  either  in  the  form  of  plates  of  transparent  selenite  (PI.  VIII, 
B)  or  in  the  form  of  concretionary  maSvses  (PI.  VIII,  .1).  The 
selenite  is  usually  found  in  seams  nmning  diagonally  through  the 
clay,  and  the  crystals  weather  out  and  reflect  the  sun  from  thousands 
of  points,  making  the  slopes  appear  to  l)e  covered  with  glass,  whence 
the  name  Glass  Mountains. 

An  analysis  of  two  specimens  of  the  transparent  selenite  and  one 
of  the  concretionary  ma&ses  is  given  Inflow. 

Analysis  of  a  thin  ledge  of  satin  spar  from  the  canyoti  )  miles  irrst  of  Frrffunon. 

Blaine  County,  Okla. 

Ter  font. 

ralclnm  salpbate 7S.  87 

Water 20. 1>4 

loMoluble  residue .  18 

Total 00.  09 
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Aiififf/xin   (if   srirtntr   ftakrx   from    Momii   Hemati,   ruHvrn    WtHidwartl  Couii(|. 

Okla. 

Vet  ml 

i'ulciiiin  sulpliale .   __    ._   ._ 76.76 

Mnj;n«'siuiii  <-jir!K)iiale-_   _   _   _ .84 

Watm- .   _.    _     _. 19.9ft 

IrtHJ  niul  aliiiuiiniiii  c>xi<U^ 1.45 

IiiHdlnlilc  iM'sidm* ._ .95 

Total.. 90L8O 

Anallfaix  tif  vi'iislaUhiv  /////>Mfim  tfnicrrtiouM  fmni  Henquenet9  Canffon^  4  miki  i 

intft  (tf  Ferfni»*o»,  Okla. 

Par  cent 

Calcium  sulpljato .  _   75.20 

MajLTiH^siiini  carlNMiate.  -    .    ....._ 1.58 

Wator ._     .. ir32 

Oxides  of  inin  and  aininiiuini _._   2.S2 

Insoliibh*  rt'sldiio ._..__._     _   _.    4.51 

Total _.._-__        _        ._.     ..* 10a89 

The  tliicUiioss  of  tho  Enid  forniatioii  is  unknown,  but  it  is  probably 
not  less  than  1,-J0()  f(»et.  and  may  reach  1,500  feet.  The  well  at  Fort 
Reno,  a  section  of  which  is  shown  in  PL  XXII,  was  started  at  about 
th<'  same  level  as  the  toj)  of  this  formation  and  reached  a  depth  of 
1JJ70  feet,  the  drill  st-oppino;  in  red  clay.  It  is  possible,  however. 
that  this  well  pas.*<ed  through  the  Permian  rocks  into  red  beds  of 
Peiuisylvanian  a^e  beneath.  At  SjKMicer,  12  miles  east  of  Okla* 
homa  City,  a  well  passed  out  of  the  red  IxkIs  at  a  depth  of  1,550  feet- 
The  <rreat(»r  part  of  this  thickness,  however,  was  in  Pennsylvania^ 
rocks. 

HLAI.NE    FORMATION. 

The  HlaiiH*  formation  consists  of  red  shales  with  interbedded  stra*^ 
of  <ry|)siim  and  thin  ledges  of  dolomite.  It  includes  the  portion  ^ 
Professor  Cra^in's  Flowerpot  formation  above  the  base  of  the  Fc' 
<rnson  orypsum  and  all  of  his  Cave  Creek  formation.  It  is  nanii* 
from  Hhiine  County.  Okla..  when'  it  is  typically  developed. 

The  characteristic  which  justifies  its  reco<rnition  as  a  formation  i 
the  abundance  of  ^rypsum  contain(»d  in  it,  and  its  extent  and  limit 
are  defined  accord in<rly.  The  bottom  of  the  lowest  mas.«5ive  gypsuii 
bed- -the  Ferguson  <ryi>^nin  member — is  the  base*  of  the  formatioi 
thron*:hont  its  occnrrenci*  northwest  from  I)arlin<rton,  Canadiai 
County.  Where  it  disa])pears  the  shales  of  the  Enid  continue  up  t< 
the  base  of  the  M<Mlicine  Lod<re  pypsum  member,  which  neccs.sarili 
becomes  the  basal  meml)er  of  the  formation.  The  toj)  is  the  Shiinei 
«ry|)sum  memi)er.  Where  the  <rypsmn  members  run  out,  as  they  al 
do  north  of  Darlin^on,  the  Blaine  can  not  1h»  distinguished  readih 
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from  the  Enid  below  and  the  Woodward  above,  and  this  local  divi- 
sm  of  the  red  beds  can  not  well  be  traced.     The  Blaine  formation 
gives  rise  to  an  escarpment  known  as  the  Gypsum  Hills,  extending 
from  Darlington  northwestward  between  North  Canadian  and  Cimar- 
ron rivers,  through  the  corner  of  Kingfisher  County,  across  Blaine 
County  into  Woods  County.     At  the  Glass  Mountains .  the  escarp- 
ment approaches  closely  the  Cimarron,  which  it  parallels  northwest- 
erly to  the  Kansas  boundary.     Bey^ond  Cimarron  River  the  gypsum 
beds  are  exposed  in  the  northwestern  corner  of  Woods  and  pass  into 
Barber  County,  Kans.,  where  they  trend  north  and  northwest  and 
finally  disappear  under  the  Tertiary  sands  north  of  Medicine  River, 
30  miles  northwest  of  Medicine  Lodge. 
From  the  east  the  Gypsum  Hills  appear  as  a  wall  crowned  with  a 

Maaiire  wbit«  gypaam 
Sandy  dolomite 

Red  clay  «bale 


Masalre  white  lelenitlc  gypaam 


Red  clay  abale  with  banda  aud 
concretiona 


MaaalTo  rreeniab  to  white  gypaam 


Red  clay  ahale  with  gypaam 
courretiona  and  thin  ledge* 


^twUriT1«  Lod^ 


Fio.  3. — Section  L'  miles  east  of  Altona,  Okla. 

white  band,  but  the  sky  line  is  not  continuous,  as  numerous  breaks 
occur  where  the  gypsum  ledge  has  l)een  dissolved  by  water  and  car- 
ried away.  The  general  appearance  is  rather  that  of  an  uneven  row 
of  flat-topped  buttes  or  mesas  of  various  sizes  than  a  single  hill  with 
a  continuous  escarpment.  To  these  buttes  the  name  **  Mansard 
Mounds''  has  been  given  by  one  writer,  in  fancied  resemblance  t:)  a 
mansard  roof."  Not  infrequently  a  few  bold  points  stand  out  at  a 
distance  east  of  the  main  range,  and  these  outliers  b(»ing  more  con- 
spicuous have  sometimes  received  distinct  names,  as  Glass  Mountains, 
Mount  Heman,  Cedar  Hill,  and  Henquenets  Butte,  l^articular 
names  have  been  given  to  certain  parts  of  the  range,  as  Stony  Hills. 
in  Blaine  County,  east  of  Watonga,  and  Chatauqua  Mountains  for 


•Hay,  Robert,  Bull,  V.  S.  Geol.  Survey  No.  57.  1800,  p.  2U. 
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the  same  range  farther  north,  extending  to  the  Glass  Mountains.  Tto 
name  Marcy  Range  has  l)een  proposed  for  the  entire  section  of  hills. 
These  names,  however,  probably  will  never  supersede  the  much-uaed 
term,  ''  Gyp  Hills." 

The  Blaine  formation  consists  of  three  ledges  of  massive  gypsufli 
interstratified  with  red  shale  and  an  occasional  local  ledge  of  more  or 
less  arenaceous  and  argillaceous  dolomite,  w^hich  usually  occur  at  the 
base  of  the  heavy  gypsum.  Only  the  gypsum  members  will  be 
described  in  this  report.  The  shales  which  make  up  the  greater 
part  of  the  red  beds  have  not  been  differentiated  and  the  dolomites 


Maislve  white  nrpsum 
Gray  natidy  doloralt« 


Sblm«r 


Kfil  clay  with  conapiruous  Rrfon  hand*       ^i' 
near  the  top  '^ 


Ma«aiv«>  white  ffyp*um 
Orayiah  i^aiidy  dolomite 
Ked   clay 
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Ked  clay  shale  with  dreeii  gypniferoua 
bands  and  thin  led^^ea  of  gypaiferoua 
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10    . 
l' 
13' 

3' 


Mfldtdne  iiodsn 


Fnj.  4.— Section  near  Watonjra,  Okla.,  in  sec.  32,  T.  16  N.,  R.  10  W. 


are  too  local  to  deserve  formation  rank.     The  gypsum  membei's  of  the 
Blaine  are  lu'iefly  describ(Ml  Ix^low. 

Fei'(/i(H()n  (/ypHuni  ntemher, — The  Ferguson  gypsum  member  is  the 
lowermost  of  the  thick  gypsum  beds  in  the  red  beds  of  this  region. 
Il  varies  in  color  from  almost  j)ure  white  to  a  dirty  brow^n,  according 
to  the  purity  of  the  mineral.  It  outcrops  usually  a  little  more  than 
half  way  up  the  slo])e  of  the  escarpment  formed  by  the  formation, 
but  is  rarely  conspicuous.  In  Canadian,  Kingfisher,  and  southern 
Blaine  counties  it  is  the  thickest  of  the  three  gypsum  members,  but 
it  thins  out  to  the  north  and  disappears  in  the  region  of  the  Glass 
Mountains,  north  of  w^iich  (mly  the  two  upper  gj^psum  ledges  appear. 
The  name  is  derived  from  the  tow  n  of  Ferguson,  Blaine  County,  in 
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the  hills  southwest  of  which  the  ledge  is  typically  exposed.  The 
following  is  an  analysis  of  this  ledge : 

Analysis  of  gypsum  from  4  miles  west  of  Ferguson,  Okla. 

Per  cent. 

Calcium   ralphate 80.09 

Water  ._ 19.82 

I&Boliible  residue .  ($5 


Total  100.50 

On  PL  IX,  -4,  the  Ferguson  is  the  lowermost  of  the  gypsum  mem- 
bers, scarcely  distinguishable  as  a  white  line  halfway  up  the  slope. 
Its  relation  to  the  other  gypsum  members  is  shown  in  fig.  5. 


I 

MacalTc  white  mrpsam  \2'i  \ 

FoMilifcroua,  aandy  dolomite  2* 

Krd  clay  with  selenite  bsnda  18' < 

MAssivr  white  rypaum  3' 

Rrd  clay  with  Mama  of  aeleuite  \l'l  : 

Msiaive,  plnkJah  to  whit*,  gyptam       5' 


Shimer 


f  Medicine  Lodge 


^Bcd  clay  wjtb  Uyera  «f  conenllon*      77 '  ^  zL=r=.:^^=^=zrr=z^=r^^= =-=^^=^=^ 


FUi. 


redar  Hill  Bectlon  In  SW.  }  sec.  18,  T.  16  N.,  R.  10  W. 


Medicine  Lodge  gypsum  member, — The  Medicine  I^kI^o  gypsum  is 
ihe  most  conspicuous  gypsum  deposit  in  the  red  IxmIs.  It  (extends 
uninterruptedly  from  near  the  head  of  Medicine  River,  in  Kansas, 
to  Canadian  County,  Okla.,  and  is  in  most  places  the  led^e  which 
forms  the  cap  of  the  Gypsum  Hills.  Perhaps  no  better  descrij^tion 
of  this  ledge  can  be  given  than  that  of  Professor  Cragin,  who  first 
described  it  in  Kansas,  as  follows : « 

[d  minor  parts,  the  Medicine  I^jdge  {gypsum  is  nearly  pure  white:  in  otlierM 
It  is  sulfased  with  leaden-gray  or  dnsky-l)rc)\vn  Hliades;  most  coninionly  it  is 


•CraglD*  V.  W..  Tbe  Permian  system  in  Kansas:  Colorado  Col.  Studies,  vol.  U,  1896, 
p.  32. 
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gi'a.virtli  wliiti*  luottltHl  with  ftH?J>ly  defined  dark  siwtH.  The  hitter  are  genet' 
ally  the  exprwHlon  «)f  a  teiulency  that  existwl  in  tlie  iO'I>»uiu  to  form  crystal* 
under  the  original  conditiniiK  of  a  preiMpitation.  as  is  hIiowh  hy  the  m-eiirrenc-e  of 
HiK)ts  in  every  Ki'^dation  from  ill-definod  RiM>t-lil<e  HeffrepitlonK  to  well-formed 
crj'stals  of  selenite.  Some  of  the  erj'Rtals  are  of  the  common  rbouiboidal  \v\X- 
tern,  others  are  of  the  stellar  tyiK». 

In  the  Region  aroiuul  the  head,  of  Salt  Cre<»k  and  its  tributary. 
Bitter  Creek,  in  Blaine  County,  Okla..  the  Medicine  Lodge  gypsum, 

Massix'e  white  lorp/ain  8'  i 

Gray  dolomitie  sandstone      l'  ; 


\ 


Red  clay 


•Z'i 


I 


MasHive  white  gypbum  1*/ 

'  Gray  dolomitie  sandstone  ^ 

K«(i  clay  shales  17  i 
Mabsiye  white  gypsnm 


Medicine  Lodce 


"^i  Rftl  clay  Hhalet*  with 
tliiu  baiulN  of  icypHuni 


oo'-  ^ 


Fi«i.  ti.  -Ilitrhcock  s(>rtioii  -1  miles  Houtli  of  llitrhcuck.  Okhi.,  alone  Rock  Island  Railroad. 

the  middle  of  tlie  tliicv  ledges,  has  a  peculiar  form.  The  middle  part  of 
the  ledge,  usually  8  to  10  feet  thick,  is  much  harder  than  the  I'e.st  of  the 
bed  or  any  other  ledge  of  gyi)sum  known  in  tlu^  Territory.  As  «een 
fnmi  1k»1()\v,  this  part  of  the  ledge  is  pure  white,  as  shown  (m  PL  IX,  ^. 
It  breaks  with  an  <'ven  fracture,  so  that  it  may  often  Ik*  distinguished 
a  mile  away.  On  closer  examination  it  is  found  to  Ik*  very  hard  and 
very  fine  grained,  usually  pure  white,  but  with  an  occasional  bluish 
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A.     CEDAR   HILL,  EAST  OF  WATONGA.  OKLA. 
Showing  Ferguson  gypsum  on  the  slope  and  Medicine  Lodge  gypsum  as  a  cap. 


Ji.     ANHYDRITE  MEMBER  OF  THE   MEDICINE  LODGE  GYPSUM. 

Salt  piain  in  foreground. 
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or  reddish  tint.  It  takes  a  good  polish  and  has  the  general  appear- 
ance of  marble,  and  is  known  locally  as  the  Salt  Creek  marble.  And 
sometimes  it  is  difficult  to  persuade  farmers  who  own  a  part  of  the 
ledge  that  the  rock  is  not  valuable  for  building  stone  or  for  orna- 
mental purposes.  A  chemical  analysis  reveals  the  fact  that  the  rock 
approaches  an  anhydrite — that  is,  it  has  a  very  smal]  per  cent  of 
water  of  crystallization.     Ordinary  gypsum  contains  from  20  to  21 

per  cent  of  water,  while  in  the  rock  from  this  ledge  the  amount  of 

water  is  sometimes  as  low  as  2  per  cent. 
The  area  covered  by  the  anhydrite  is  about  10  miles  long  and  1 

mile  or  more  w^ide.     No  adequate  explanation  of  this  peculiarity  of 

structure  has  ever  been  forthcoming.     It  is  probably  because  of  this 

relatively    harder    ledge,    which    resists   erosion,    that    the    marked 

topographic  forms  mentioned  above  are  due. 
The  following  analyses  show  the  relatively  small  amount  of  water 

in  this  rock : 

Analuff€s  of  *'m<irb1e''  gypsum  from  the  middle  part  of  the  Medicine  Lodge 

7)1  ember. 

Per  cent.  Per  cent. 

Calcium    Hiilphate    M.m  92.73 

Magnesium    sulphate 1.93        

MagneRium   ojirbonate 3.  15 

Water    2.74  3. 15 

Insoluble  residue .  33 

Total   99.50  99.  3t] 

Analysis  of  *'r€d  marble*'  gypsum  from  the  middle  part  of  the  Medicine  Lodge 

membei'. 

Per  cent. 

Calcium  sulphate 84.00 

Calcium  carbonate 3.41 

Magnesium  carbonate 2. 13 

Water 5.38 

Oxides  of  iron  and  aluminum .78 

Insoluble  residue 1.  69 

Total 97.39 

The  analyses  given  below  indicate  the  composition  of  the  gypsum 
from  the  lower,  middle,  and  upper  parts  of  the  Medicine  Lodge: 

Analyses  of  gypsums  from  the  lower  (i).  and  middle   {2  and  3)   parti^  of  the 
middle  ledge  of  the  Medicine  Lodge  member. 

I*er  cent.         Per  cent.      Per  cent. 

Calcium    sulphate 79.  (Mi  94.94  80.82 

Water   - 20.22  4.95  20.89 

Insoluble  residue .40  .  (>7  .35 

Total   100.34        100. 5(J         102.00 

an  148—05  u 4 
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No.  1  is  very  hard,  l)eing  almost  an  anhydrite,  and  is  left  in  h 
bowlders  when  the  softer  parts  are  worn  away.     No.  2  is  softer 
sometimes  fills  the  place  usually  occupied  by  No.  1. 

Analysett  of  yypmmB  frwn  the  upper  part  of  the  Medicine  Lodge  fnemb€\ 

1.  2. 

I*er  cent.  Per  cent.     Per 

Calcium  sulphate . 78.41  7a  23          J 

Magnesium  carbonate 2.03  .98 

Oxides  of  iron  and  alumium._._ 1.38        

Water    18.23  20.75 

Insoluble  residue .41  .34 

Total   100.40         100.30         1( 
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-Hitter  Creek  uection.  0  miles  southwest  of  Ferjnison,  Okla.,  on  West  Bran 
Bitter  Creek. 


Nos.  1  and  2  are  the  rocks  that  make  up  the  greater  part  of 
ledge  and  are  used  for  plaster.  No.  3  is  harder  material,  approacl 
anhydrite,  sometimes  found  in  lumps  or  masses,  and  is  not  used 
plaster. 
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The  name  Medicine  Ijoclge  is*  that  of  the  w)iinty  seat  of  Barl)er 
>ounty,  Kans.,  and  was  proposed  by  Professor  Cragin  in  1896. 

Shimer  gyp^wm  memher. — A  third  gypsum  ledge,  to  which  Pro- 
fessor Cragin  gave  the  name  Shimer  gypsum,  from  a  township  in 
Barber  County,  Kans.,  where  the  rock  was  first  studied,  is  the  upper- 
most member  of  the  Blaine  formation.  It  is  typically  exposed  either 
ts  the  highest  gypsum  outcrop  somewhat  back  from  the  brow  of  the 
Ulls^  or  as  the  cap  rock  of  occasional  bluffs  and  buttes  overlooking 
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Mvd,icinu  Lndjie 


Fisinra^Q 


^. — The  Uiibey  iiet'tlon.  In  South  Ciinyon.  head  of  Salt  Croek.  at   tho  Knl>ey  stucco- 
plastor  mill,  Kor^iiHon,  Okla. 


he  slopes  below.  It  is  the  ui)per  white  hMl^jo  shown  in  Pis.  IX,  B, 
nd  XXI,  *1.  The  description  of  the  Medicine  Lod^e  gypsum 
uoted  above  from  Professor  Cnigin  will  in  most  j)laees  npply  e(|ually 
rell  to  the  Shimer,  but  the  thickness  of  the  upper  ledp*  is  not  so 
reat  as  that  of  the  Medicine  I^odge.  Its  arenl  extent  nnd  physical 
haracters  are  about  the  same,  (»xcept  that  so  far  as  known  then*  is 
o  anhydrite  in  the  Shinier. 
The  following  analysts,  nuide  from  specimens  obtained  from  the 
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Shinier  ineiiibor  of  the  Blaine  formation  in  the  canyons  4  miles  we* ! 
of  Ferguson,  indicate  the  constituents  of  this  rock : 

Analims  of  tjypHtim  from  the  lotcer  (i).  middle  (if),  and  upper  {3)  partaof  tkf 

Shimer  member. 

1.                  2.  s. 

Percent.  Percent.  Pereest 

Calcium   Hulphate 7a  22  80.10  79.^ 

Water   21.22  20.00  21.0© 

Insoluble  residue .87               .86  .3© 

Total   100.31  101.02  10a4^ 

In  some  localities  the  shale  member  which  separates  the  Medicine 
Lodge  from  the  Shinier  thins  out  and  the  two  massive  gypsum  ledgeeS 
are  practically  continuous.  Caves  ai'e  not  uncommon  below  tt^ 
various  ledges.  A  generalized  section  of  one  of  these  caves  is  showtf 
in  fig.  9. 


Fm.  9.— Section  of  gypsum  cave. 

The  thickness  of  the  Blaine  formation  varies  considerably  with  the 
locality,  but  it  averages  about  75  feet. 

WOODWARD   FORMATION. 

Above  the  Blaine  is  approximately  300  feet  of  rocks,  consisting 
chiefly  of  shales,  sandstones,  and  dolomites,  and  distinguished  from 
the  formations  above  and  below  by  the  prominence  of  dolomites  and 
the  absence  of  gypsum.  The  formation  includes  all  the  rocks  between 
the  two  conspicuous  gj'psum  horizons,  the  Blaine  and  the  Greer,  and 
in  general  it  may  be  divided  into  three  members — the  Dog  Creek, 
the  Wliitehorse  and  the  Day  Creek — which  were  all  recognized  and 
named  by  Professor  Cragin  from  localities  in  Kansas,  except  that  his 
term  Red  Bluff  was  preoccupied,  and  for  it  the  name  Whitehorse  has 
been  substituted.  For  the  formation  as  a  whole,  from  the  top  of 
the  Shinier  gj^psum  to  the  base  of  the  Chaney  gypsum,  the  name 
Woodward  is  proposed,  from  the  county  in  Oklahoma  where  the 
strata  are  well  represented. 

Do(/  Creek  s/utles  itiemher, — llie  Dog  (-reek  meml^er  is  composed 
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r  of  clays,  containing  occasional  thin  ledgers  of  niagnosian  lime- 
wliich  in  places  grade  into  a  fair  quality  of  dolomite, 
ledges,  however,  are  usually  thin  and  rarely  sufficiently  con- 
ns to  be  worthy  of  more  than  passing  notice.     Professor  Cra- 
riginal  description  of  this  member  is  as  follows :  ** 

Dog  Creek     ♦     ♦    ♦    consists  of  some  30  feet,  or  locany  of  a  leas  or 
thickness,  of  dull-red  argillaceous  shales,  with  laminoR  in  the  hasal 


[  ShLmoT 


'^  3iied!diie  Lod«a 


^ffe  of  soft 
«  Mid  sandy 


lywIthcreeD  ' 
lud  [rypaam  *** 
(ions 


'lo.  10. — RoBCoe  section,  1  mile  south  and  IJ  miles  west  of  Roscoe.  Okla. 


i  one  or  two  ledges  of  unevenly  litliifitMl  dolomite  in  tlie  upper.  The 
'  these  shales  resembles  that  whicli  prevails  in  most  of  the  divisions 
ither  than  of  the  terranes  al)ove  the  Dog  Creek. 

is  second  paper  he  modifies  his  description  in  this  way  : 

Dtral  Oklahoma  it  is  a  great  dolomite  formation,  laminated  dolomite 
ig  a  considerable  part  of  the  thickness. <» 


It.,  p.  39. 

n,  F.   W.,  Observations  on   the  Cimarron  series:   Am.   Geologist,  vol.   10,   1897, 
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In  his  second  paper  he  suggests  that  the  name  Dog  Creek  f 
changed  to  Stony  Hills.  The  writer  agrei^  that  the  name  Do 
Creek  is,  jx^rhaps,  not  the  l>est  that  could  bi^  used,  but  in  View  of  th 
fact  that  the  dolomites  which  make  up  the  Stony  Hills  in  easier 
Blaine  county  belong  to  the  Blaine  formation  and  do  not  belong  t 
the  Dog  Creek,  there  seems  to  be  no  good  reason  for  using  the  nam 
Stony  Hills  to  designate  this  member. 


Maiitve  wiiUe 

Koiiillferoai  .^Vfei;:;  .s 


SMtnw 


MfldtrlnA  lA}ds» 


Fio.  11. — (;ia88  Mountain  section,  on  northwest  side  of  the  mountain. 


Studies  made  during  the  last  three  years  have  demonstrated  th 
in  many  parts  of  Oklahoma  the  thickness  of  the  Dog  Creek  is  mu. 
greater  than  that  given  by  Professor  Cragin.  Near  Quinlan, 
eastern  Woodward  County,  the  aneroid  readings  indicate  225  fc 
as  the  thickness  of  these  beds,  measured  from  the  top  of  the  undc 
lying  gypsums  of  the  Blaine  formation  to  the  sandstones  of  the  ne 
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higher  formation  of  this  member,  the  WTiitehorse,  and  in  a  number  of 
localities  150  and  175  feet  were  i-ecorded.  Exposures  are  common 
along  the  top  of  the  Gypsum  Hills  from  Canadian  County  to  the 
Kansas  line  and  beyond. 

Whitehorse  sandstone  member. — The  Whitehorse  sandstone  was  also 
described  (under  the  name  Red  Bluff  sandstone)  by  Professor  Cragin 
in  his  first  paper,  as  follows :  * 

Thl8  formation  consistH  of  some  175  or  200  feet  of  light-red  Bandstones  and 
shaleR.    •    ♦     ♦     Viewed  as  a  whole  It  1r  very  Irregularly  stratified,  being  Jn 


i) 
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Fio.  12. — Clranton  section  ;  gypsum-capped  butte  1  mile  east  of  Granton,  Okla. 


wme  cases  considerably  Inclined.  In  others  curved,  and  this  oblique  and 
irregular  bedding,  being  on  a  much  larger  scu^?  than  that  of  the  ordinary 
CPOM  beddings,  at  first  glance  gives  the  Impression  of  dips,  anticlines,  synellnes, 
rtc,  that  have  been  produced  by  lateral  pressure,  the  dips,  however,  being  in 
»'ariou8  directions.  ♦  ♦  ♦  The  Red  Bluff  beils  exhibit  tlie  most  intense 
coloration  of  any  of  the  roclis  of  tlie  series.  When  tlie  outcrops  are  wet  wMth 
recent  rains  their  vividness  of  color  is  still  greater,  ami  the  contrasts  of  their 
simost  vermilion  redness  with  other  colors  of  the  Iandscai)e  is  most  strililng. 

'CriflD,  F.  W.,  The  Permian  Bystem  in  KanBas:  Colorado  Col.  StudlM,  vol.  6,  1896, 
p.  40. 
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SiNtts  and  Ktivnks  of  bluish  or  KivtMiisli  ^ray  M>iiiotiiiu^  «Mvur  in  tlieM'  n> 
hut  luA  to  nearly  so  ^^n^tit  an  «»xtont  as  in  tht'  lower  hcnls.    Tlie  Hiimlstonc:- 
the  \Uh\   lUufTs  are  K<'ii<'rally  t(M»  friahle  for  huihlin;;  stone,  hut   hi  Hi»iiie 
stances  sele<'t*Mi  iHirtions  have  provtnl  hanl  enou;;li  for  sueh  use*  ami  are  fa  • 
(lurahle. 

In  Oklahoma  the  Whitohorsc^  nienil)er  often  weathers  into  conspi  ^ 
ous  buttes   and   mesas.     For   instance,   in   eastern   Woodward  m^ 
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western  Woods  roiinties  a  row  of  these  buttes,  which  rise  100  to  200 
feet  al)ove  the  surrounding  eountrv,  extends  from  the  vicinity  of 
Whitehorse  Sj)riii^s.  whence  the  name,  southwest  acmss  the  Cimarron, 
to  tlie  hi^h  divides  beyond.  To  some  of  these  buttes  characteristic 
names  have  Imh'ii  ^iven.  as  Ivone  Butte,  Potato  Hill,  Watersign  Hill, 
Wild  Cat  Butte,  and  the  like.  The  noted  Red  Hill, between  Watonga 
and  (iearv  in  southern  Blaine  County,  is  (Hunposed  chiefly  of  the 
Whitehorse*  formation.     South  of  South  Canadian  River  this  sand- 
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stone  thickens  and  on  weathering  often  forms  conspicuous  bluffs,  such 
as  the  famous  Caddo  County  Buttes,  southwest  of  Bridgeport,  shown 
on  PL  X,  ^4.  The  AAHiitehorse  sandstone  is  exposed  aking  the  Washita 
from  near  Chickasha,  Ind.  T.,  westward,  and  in  the  vicinity  of  Ana- 
darko  it  forms  bold  bluffs  both  north  and  south  of  the  river,  and 
extends  as  far  west  as  Mountain  View.  lodges  which  probably 
belong  to  the  same  general  horizon  outcrop  north  of  the  Wichita 
Mountains  in  the  vicinity  of  Hobart  and  Harrison,  and  it  is  not 
impossible  that  further  studies  may  demonstrate  that  the  same  beds 
extend  under  the  upper  gypsums  across  Greer  County. 

Day  Creek  dolomite, — Resting  upon  the  upper  part  of  the  AMiite- 
liorse  sandstone  in  Kansas  and  (Oklahoma  is  a  conspicuous  ledge  of 
liard,  white  dolomite,  first  described  by  Professor  Cragin  from  expos- 
ures in  southern  Kansas,  as  follows :° 

ri>on  the  latest  of  the  Red  Bluff  rests  a  i)er8lstent  stratum  of  dolomite  vary- 
ing in  thickness  from  less  than  a  foot  to  5  feet  or  more.  *  *  *  It  is  a  true 
dolomite,  containing  with  the  carbonate  of  lime  an  equal  or  even  greater  per- 
centage of  carbonate  of  magnesia.  *  ♦  *  Though  not  of  great  thicliness,  It 
is  an  important  member  of  the  upi)er  Permian  of  southern  Kansas  and  northern 
Oklahoma,  owing  to  its  persistence,  which  makes  it  a  convenient  horizon  of 
reference.  ♦  ♦  ♦  The  stone  is  nearly  white  in  fresh  fracture,  weathering 
gray,  and  often  has  streaked  and  gnarly  grain  resembling  that  of  fossil  wood. 
•  •  ♦  Its  eherty  hardness  and  fracture  are  not  due  to  the  presence  of  silica, 
as  one  is  tempted  to  infer,  but  are  characters  belonging  to  it  as  a  dolomite.  It 
i.«  a  durable  building  stone. 

In  his  second  paper  on  the  Permian  rocks,  in  describing  a  typical 
Oklahoma  locality  Professor  Cragin  says : 

The  brow  of  the  Red  Hills  near  Watonga,  Okla.,  is  capped  with  the  Day  Creek 
dolomite,  which  here  presents  itself  as  a  compact  stratum  of  gray,  somewhat 
pinkish  or  reddish  tinged  eherty-hard  rock,  little  different  from  the  typical  ledge 
that  skirts  the  flanks  of  Mount  Lookout  in  Clark  County,  Kans.  The  stratum 
bere  has  a  thickness  of  3  feet. 

The  line  of  outcrop  of  the  Day  Creek  in  Oklahoma  is  not  contin- 
uous: neverthelcvss,  it  is  found  in  numerous  localities,  and  on  account 
of  its  distinctive  lithological  appearance  it  is  always  easily  recog- 
nized. It  is  displayed  on  many  of  the  hills  of  Woodward  County,  not 
only  north  of  the  Cimarron,  but  also  between  the  Cimarron  and  the 
North  Canadian  and  south  of  the  latter  stream.  In  Blaine  County 
it  forms  the  caps  of  a  number  of  the  prominent  hills,  notably  the  Red 
Hills  betweeen  Geary  and  Watonga.  South  of  South  Canadian  River 
in  Caddo  County  the  dolomite  covers  the  Whitehorse  buttes  southwest 

•  Op.  clt.,  p.  44. 
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of  Bridgeport  and  outcrops  southwestward  as  far  as  the  headwi 
of  Cobb  Creek  and  on  the  west  side  of  that  creek  past  Colony, 
the  vicinity  of  Mountain  View,  in  the  valley  of  Washita  Rivi 
ledge  of  dolomite  appears  at  the  same  general  level  as  that  occu 
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Fig.  14. — Section  on  Main  Creek  one-half  mile  northeast  of  Bat  Cave. 


by  Day  Creek,  and  another  dolomite  ledge  in  the  hills  north  of  ] 
rison  may  provisionally  be  referred  to  this  horizon. 

The  composition  of  this  material  inX)klahoma  may  be  unders 
by  reference  to  the  following  analysis: 
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Inolifsif  of  dohmtite  from  the  summit  of  the  Red  HilU  6*  milvn  northweist  of 

Geary.  Okla,  .  ,.^^^.^^, 

Calcium    carbonate 42. 17 

Magnesiuui  (*arbonate ._    ._  -_     _ ..  52.8(5 

Water 1.82 

Oxides  of  Iron  and  aluminum 1.35 

Silica  and  insoluble  residue _■--_     1.82 

Total   J 99.88 

GREER   FORMATION. 

Above  the  Woodward  formation  are  red  clays,  shales,  and  sand- 
stones, and  intercalated  beds  of  gypsum  and  magnesium  limestone  or 
dolomite  150  to  300  feet  thick.  (lypsum  is  the  characteristic  deposit 
of  this  formation,  as  it  is  of  the  Blaine.  This  formation,  for  which 
the  name  Gi*eer  is  proposed,  from  the  county  in  southwestern  Okla- 
homa, in  which  it  is  well  exhibited,  is  exposed  over  a  very  irrogidar 
area.  For  the  purposes  of  discussion  it  may  be  grouped  according  to 
two  general  areas,  an  eastern  and  a  western.  The  eastern  area  extends 
from  the  southern  part  of  Woodward  County  southeast  through 
Dewey,  Custer,  Washita,  Caddo,  and  Comanche  counties  into  the 
Chickasaw  Nation.  The  western  area  extends  over  Washita  County, 
touches  the  extreme  southeastern  part  of  Roger  Mills  County,  and 
(Tosses  Greer  County  to  Collingsworth,  Tex.  The  rocks  of  these 
two  areas  are  overlain  by  the  same  formation. 

The  rocks  of  the  eastern  area  of  the  Greer  formation  strike  north- 
west and  southeast  just  wast  of  the  outcrops  of  the  Woodward  forma- 
tion. They  are  chiefly  red  clay  shale,  interstratified  at  several  hori- 
zons with  red  sandstone  and  gypsums,  which  are,  however,  very 
irregularly  bedded  and  can  rarely  l)e  traced  as  continuous  or  definite 
ledges.  Nevertheless,  the  thickest  ledges  of  gypsum  known  in  the  red 
Ms  are  found  in  this  area.  Thus  5  miles  northwest  of  Weatherford 
a  ledge  60  feet  thick  was  measured,  as  shown  in  fig.  18 ;  in  the  vicinity 
of  Cloud  Chief  lx*ds  50  feet  thick  are  not  uncommon  (see  fig.  19)  ; 
and  in  a  well  near  Seger,  Washita  County,  a  ledge  115  feet  thick  is 
reported.  But  these  beds  are  not  constant,  thicktMiing  rapidly  or  dis- 
appearing without  apparent  regularity.  Along  a  single  hlufT  onc^ 
may  see  the  beds  change  from  gypsum  to  sandstcme  within  a  distance 
of  a  few  rods,  and  a  quarter  of  a  mile  farther  the  sandstone  again 
merges  into  gypsum.  So  variable  is  the  stratification  of  all  the  rocks 
of  the  Greer  formation  in  this  region  that  no  attempt  is  made  to 
divide  it  into  members.  A  section  would  usually  not  answer  for  a 
point  half  a  mile  away. 

The  most  northern  outcrop  of  this  formation,  so  far  as  known,  is 
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in  tlu>  s.,utlu'astern  part  of  Woodward  County.  Okla..  a  few  miles 
south  of  Richmond.    It  is  ijossible  that  these  strata  represent  the 
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Fio.  15— Section  on  Sand  Creek,  D  miles  northwest  of  Qulnlan,  Okla. 


southern  oontinnance  of  Professor  Cragin's  Ilaokberry  shales  and 
Big  Basin  sandstone,  but  further  study  in  the  field  is  necessary  to 
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HrietaDtiate  this  point.    A  few  miles  south  of  Richmond,  Woodward 

Ownty,  on  the  divide  between  the  North  Canadian  and  South  Cana- 

dim,  a  thin  bed  of  gypsum  appears,  interstratified  between  shales 

Mad  sandstones.    This  ledge,  which  is  1  to  3  feet  thick,  continues 

south,  appears  as  a  cap  to  the  high  bluffs  along  the  South  Canadian 
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In   the 


north  and  west  of  Taloga,  and  outcrops  on  both  sides  of  this  river  as 
far  as  the  vicinity  of.Stone,  Day  County.  The  ledge  thickens  to  the 
south,  and  at  Weatherford,  Custer  County,  one  of  the  l)e(ls  is  inon^ 
than  00  feet  thick.  PI.  XI  shows  the  entrairec*  to  a  cave  at  this 
place,  and  fig.   18  a  section  of  the  hill.     The   various  exposures, 
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averaging  perhaps  10  feet  in  thickness,  appear  along  tlie  various 
branches  of  Barnitz  Creek  and  the  Washita  River  in  Custer  County 
and  as  far  west  as  Roger  Mills  County.  In  eastern  Washita  County, 
in  the  vicinity  of  Seger,  in  the  region  between  Cloud  Chief  and 
Weatherford,  the  gj'psuni  members  seem  to  find  their  extreme  devel- 
opment, there  being  several  heavy  ledges,  and  one,  as  stated  above, 
that  has  a  reported  thickness  of  115  feet.  Fig.  19  gives  section  of 
a  butte  on  the  Washita  River  near  Cloud  Chief. 
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Following  the  strike  to  the  soiithoast  outcrops  of  gypsum  occur  on 
the  hills  north  of  Washita  River,  l)etween  that  river  and  Cobb  Creek, 
almost  to  Fort  Cobb.  South  of  that  river  the  gypsum  forms  the  top 
of  (•()ns])i(iioiis  bliilTs  opposite  Fort  Cobb,  and  on  the  hills  to  the  south 
and  east.  Exposures  of  gypsum  continue  on  the  divide  between 
the  waters  of  the  Washita  and  those  of  Red  River  as  far  as  the 
vicinity  of  the  Keechi  Hills  in  southwestern  Caddo  County,  along 
Little  Washita  River  (see  fig.  20),  and  l>etween  these  hills  and 
Apache.  The  same  beds  probablv  extend  to  the  region  of  Marlow, 
hul.  T. 


PEBMIAN   SEBIES. 


63 


The  character  of  the  gypsum  in  the  eastern  part  of  the  outcrop  of 
the  Greer  formation  may  be  better  imderstood  by  the  following 
analyses  of  material  taken  from  this  region,  No.  1  being  from  the 
cave  5  miles  northwest  of  Weatherf ord,  No.  2  from  ledge  4  miles  west 
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Fio.  18. — Section  of  bluff  5  miles  northwest  of  Weatberford,  Okla. 

of  Weatherf  ord,  No.  3  from  5  miles  we.st  of  Weatherf  ord  (near  ledge 
of  sandstone),  and  No.  4  from  5  miles  southwest  of  Cement,  Okla. : 

Analyses  of  gypsum  from  near  Weathrrfortl  and  Ccmmt,  Okla. 

1.                  2.                       3.  4. 

Percent.     Ter  cent.        Percent.  Percent. 

Calciam    ralphate 75.  .17          77.  ;VS          27.25  74.45 

Caklam    carbonate 1.11         4<>.  7;?  4.25 

Magnesium    sulphate .  s:^        

Magnesium   carbonate .  4()        1.42  .84 

Water 20.22          20.78          17. 8r,  18.  <J1 

Oxides  of  iron  and  aluminum .45             .<»7           8.  .*{()  .01 

Silica  and  Insoluble  residue 1.  VA\             .  41            1.  22  1.  02 

Total    - 09.41         KM).  07         102.28  00.78 
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Ill  the  western  area  of  the  Greer  fonnation  the  rocks  differ  in 
several   particulars  from  those  in  the  eastern  area  just  described.  I 
Instead  of  l)ein^  unevenly  stratified  the  rocks  are  deposited  in  regulu  j 
layers.     Sandstones  an^  practically  absent,  or  at  least  inconspicuoaSf| 
and  the  sequence  consists  of  layers  of  gypsum  and  magnesian  lime  j 
stone  or  dolomite  interst ratified  among  gypsiferous  clays. 

The  rocks  of  this  area  appear  to  connect  with  those  of  the  eastern  | 
area  in  southwestern  Washita  County,  although  throughout  the  region  1 
hetw(H»n  Cloud  Chief  and  the  southwestern  part  of  the  county  acronj 
the  valleys  of  the  various  branches  of  Elk  Creek,  the  gypsums  ordi- 
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\K-    Softlou  of  biitte  5  inilo«  southwest  of  Cloud  Chief,  Okla. 


iiarily  do  not  apj)ear.  However,  at  several  jwints  along  the  line  of 
strik(\  ledges  10  feet  or  unnv  in  thickness  may  l)e  seen  in  canyons  or 
along  stream  beds,  .hist  l)ef()re  reaching  the  North  Fork  of  Red 
River,  and  just  north  of  the  corner  of  Roger  Mills,  Washita,  and 
Kiowa  counties,  n»gidar  ledges  appear,  and  along  the  north  side  of 
th(»  North  Fork  for  10  miles  or  more  they  form  an  escarpment  125  to 
175  feet  high,  as  shown  in  IM.  Ill,  //,  and  fig.  •Jl.  This  is,  perhaps, 
the  finest  exposure  in  Oklahoma,  the  gypsum  memlK»rs,  here  appear- 
ing in  four  separate  ledges,  having  a  thickness  of  75  feet.  The 
river  cuts  through  the  formation  west  of  thes<»  bluffs,  and  the  gvpsunis 
again  appear  at  Ilay.stack   Butt(»  in  (ireer  County  about  'iO  miles 
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^rthwest  of  Granite.  The  rocks  of  the  Greer  form  conspicuous 
Muffs  on  both  sides  of  Haystack  Creek  and  on  Elm  Fork  of  Red  River 
%nd  its  tributaries  as  far  as  Collingsworth  County,  Tex.  The  gyp- 
%&nis  which  occur  in  such  abundance  in  southern  Greer  County  in  the 
Ticinity  of  Duke  and  Eldorado  also  belong  to  the  Greer  formation. 

The  rocks  of  the  western  area  of  the  Greer  consist  of  red  clay 

shmles^  heavy  gypsum  members,  and  a  ledge  of  dolomite  or  magnesian 

limestone.     At  the  base  of  the  formation  is  an  unknown  thickness 

of   red    gypsiferous   and   saliferous   shales   and   sandstones.     Theso 

shales  contain  occasional  local  ledges  of  gypsum  a  foot  or  two  thick, 
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Fi«i.  20. — Little  Washita  Ulver  section,  taken  west  of  B^risco  Railroad  crossing. 

and  beds  of  white  and  greenish  shales  are  not  uncommon.  In  the 
region  of  the  heavy  gypsum  formations  there  are  several  salt  plains 
fed  by  springs  that  issue  from  below  the  gypsums,  or  in  one  instance, 
from  shales  between  the  gypsums.  These  shales  between  the  gyp- 
sum beds  do  not  differ  materially  from  those  at  the  base  of  the 
formation,  nor  from  those  between  the  gypsum  ledges  of  the  Blaine 
formation.  Immediately  beneath  the  heavy  gypsum  beds  there  is 
often  a  foot  or  two  of  bluish  or  greenish  clay  or  shales.  Figs.  22,  23, 
and  24  show  characteristic  sections  taken  in  this  region. 
IBB  148—05  M D 
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TIkmc  aiM^  fivo  proniiiioiit  lodnros  of  the  Groer  formation  outcrop- 
])in«r  in  this  iv^rion.  tlio  thnv  upper  ones  lK»ing  thickest  and  most 
<<)iispic-ii(ms.  Ill  ^rnenil,  neither  of  the  two  lower  members  i-  more 
than  4  feet  thick,  and  because  of  their  posrition  near  the  foot  of  the 
hhitT  they  iwo  freciuently  inconspicuous.  The  various  memlxnt  are 
described  below. 

(lunicj/  ffj/psiini  mouhey. — This  p-psum  is  well  exposed  along  the  ! 


south  si(U»  of  Ehn  Fork  from  Manirum  northwest  to  the  Texas  line 
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Fm.  LM.     S«Tiion  cf  l.lurT  nt   tin-  Salt  riiilii.  on  North  Fork  of  Red  River,  5  mUes  vout^ 

of  Cart.-r.  okln. 

It  is  also  seen  on  Haystack  Creek.  l>iit  on  North  Fork,  in  Rof^er  Mills 
C'oiiniy.  it  lo^e^  its  characteristic  structure  and  becomes  simply  a 
^yi»ifcrons  band  in  tlic  red  clay.  On  Elm  Fork  at  the  mouth  of 
Ilackberry  Creek  and  also  at  the  Kiser  and  Chancy  salt  plains  near 
th(»  Texas  line,  it  is  a  hard  nias.-ive  siratnni  o  to  T)  feet  thick,  usually 
\vhile,  but  sometimes  ^vwy  or  bluish.  It  is  often  distinctly  stratified 
or  apparently  cross-bedded,  or  it  may  be  that  the  lines  of  stratification 
are  wantin<r.  'l'h<'  formation  derives  its  name  from  the  Chancy  Salt 
IMain  on  Kim  Fork  of  lied  Kiver,  4  miles  east  of  the  Texas  line. 
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'iser  gypsum  memher. — ^This  member  is  exposed  throughout  the 
teni  area  of  the  Greer  formation.     It  is  rarely  white  and  in  this 


Codftr  T«v 


Id  clay  !«  *    ^^ 


c.  22.— Haystack  section,  0  miles  south  of  Delhi,  Okla.     In  ahove  legend  "  Hclhl  " 

should  road  Mnnjnim. 

gard  differs  from  all  other  ledges  of  the  Greer.     It  varies  from  a 
scidedly  bluish  or  greenish  tint  to  drab  or  gray.    On  the  North 
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Fork  it  is  coniposod  of  greenish  gypsum  and  gypsiferous  shales,  be- 
coming hard   h)cally,  and  on  Haystack  Creek  of  bhiish  and  drab 
gypsum,  grading  into  gA'psiferous  rock  and  clay.     On  Elm  Fork, it., 
both  the  Kiser  and  Chaney  salt  plains,  it  is  composed  of  soft,  bluiAj 
to  greenish,  selenitic  gypsum,  and  at  the  mouth  of  Hackl^erry,  10  inita| 
down  Film  Fork,  it  is  a  bluish  stratified  gypsum.     These  occurrenott^ 

Dolomite,  honeycombed  3' |  fZ^^\    belli  i 


Ked  clay 

Massive  white  gypitum 
Ked  and  blue  rlay 

Massive  white  gypsam 


\  <•„, 


18' 


iriucBwortJi 


f  '<?dAr  Top 


White  aud  green  and  red  clay 

6 

Massive  while  gypsum 

20' 

Ked  and  greenish  rlay 

15 

Greenish  selenitic  gypsum 

3' 

Ked  rlay 

12' 

Hard  stratified  gypsum 
IMuiBh  and  red  clay 
Hard  gypsum 

4' 
5' 
2' 

i  \  uyslack 


Red  and  bluish  shale,  banded 


Vui.  2:i. — Sectiini  nt  Snlton,  (Jrcer  County.  Okln.     In  above  legend  "Delhi"  should  rend 

Mnn^um. 

show  that  while  the  general  character  is  fairly  constant,  the  stratum 
varies  considerably  in  local  sections.  The  softness  of  the  rock  renders 
it  particuhirly  susceptible  to  weathering,  and  it  is  frequently  incon- 
spicuous. Its  thickness  varies  from  1  to  *^  feet.  The  name  is  from 
the  Kisor  Salt  Plain  on  Elm  Fork,  Greer  County,  where  the  ledge  is 
well  exposed. 


PERMIAN   SERIES. 


69 


Eay9ta<'k  gypsum  inemher, — The  upper  part  of  the  Greer  forma- 
lio/i  consists  of  three  layers  of  massive  gypsum  and  one  of  dolomite, 
aterstratified  between  beds  of  red  clay  shale.  The  lowermost  of  the 
liree  thicker  layers,  the  third  gypsum  member  from  the  bottom  of 
le  formation,  consists  of  the  typically  massive  gypsum,  almost  pure 
hite  or  occasionally  grayish  in  places,  with  a  few  thin  bands  of 
psiferous  sandstone.  This  ledge  is  often  cut  by  joints  which  sep- 
ate  the  rocks  into  rectangular  blocks.  These  blocks  frequently 
»ather  out  and  roll  down  the  slope  and  in  places  render  it  conspicu- 
sly  white  for  miles.     The  Haystack  varies  locally  from  18  to  25 


Hard  dolomite 


Red  clay 


D«lhl 


Massive  white  irypiam 


18* 


Ked  and  Mae  clay  9* 

Massive  white  gyptam  ad^^ 

Sed  and  blae  clay 


'Uasilve  white  gypsom  thin  ledges,         19 
bard  rorJi 


Bed  and  blae  clay 

Blaish  stratified  gypsam.folded 

Bed  and  bine  clsy 


rfl]!lniE»  worth 


*-'*Ur  Top 


White  and  blolsh  gypsam 
Red  and  blae  clay 


H»y  Stack 


::4. 


-Section  at  mouth  of  Hackberry  Creek,  Oreer  County,  Okla. 
*'  Delhi  "    should    read    Manjruni. 


Chjiney 


In  above  legend 


Jet  in  thickness,  and  so  far  as  known  is  the  thickest  gj'psum  member 
I  the  western  area  of  Greer.  It  is  exposed  along  all  tlie  blurt's  on 
'orth  Fork  and  Elm  Fork  and  is  particularly  conspicuous  on  Hay- 
ack  Creek  and  in  the  vicinity  of  Haystack  Bntte,  whcMice  the  name. 

Cedartop  gypsum  member, — The  Cedartop  is  a  massive  white 
jrpsum.  very  similar  in  appearance  to  the  Haystack.  It  has  a  con- 
ant  thickness  of  18  to  20  feet  throughout  the  region  of  outcrop.     It 

very  conspicuous  on  North  Fork,  Haystack,  and  Elm  Fork,  and 
)rms  the  caps  of  a  number  of  buttes  and  bluffs  throughout  the  region. 
t  is  called  "  Cedartop,"  from  a  prominent  butte  on  the  Nojth  Fork  of 
<ttl  River,  in  the  extreme  southeastern  corner  of  Roger  Mills  County. 
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This  rock  forms  the  npj>or  ledge  of  this  bntte,  and  may  be  seen  from 
a  groat  distance  up  and  down  the  river  and  even  from  Headquarters 
Mountain  at  Granite,  15  miles  away.    It  is  shown  in  PL  III,  B. 


Dolomite,  hard  rock  3 

Kod  and  hlue  rUy  12' 


Sort  ahaly  mrk 
and  (opmini 


Kt>d  and  liluv  clay 

Hlulth  gypiiiferoui  rork  10 '^ 

Krd  and  liluf  clay  H 

MaiBlve  white  ffvpium  3* 


R«'d  clay 


Fio.  25. — Section  10  miles  south  of  Manffum,  Okla..  in  bluffs  l)etweon  Salt  Fork  and  Horse 

Branch. 

ColJinrfHV'orth  gypsvm  memher, — This  is  the  uj^per  gypsum  ledge 
of  the  Greer  formation,  and  it  does  not  differ  materially  in  litho- 
logical  appearance  from  the  Haystack  or  CtMlartoj).  Like  them,  it  is 
massive  and  white  throughout,  and  like  them,  also,  it  is  cut  by  a 
series  of  master  joints  into  rectangular  blocks.     AMiere  exposed,  the 
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hickness  varies  from  18  to  20  feet,  being  approximately  that  of  the 
;?4Mlartop  and  not  so  great  as  the  Haystack.  As  it  is  the  upper 
2r>-psiinn  member- it  has  often  l>een  eroded,  and  for  that  reason  does 
not  always  appear  in  a  section.  Near  the  heads  of  the  various  creeks, 
liowever,  it  is  the  prominent  ledge,  and  it  is  also  exposed  on  a  num- 
IxT  of  the  conspicuous  bluffs,  as  along  North  Fork.  It  is  named 
from  Collingsworth  County,  Tex.,  just  west  «f  Greer  County,  Okla., 
where  the  gypsum  is  well  exposed. 

Maiiijum   (lolofnite  memher. — Above  the  Collingsworth  and  sep- 
anitetl  from  it  by  about  20  feet  of  red  clay  shale  is  a  very  persistent 
S-fiM>t  bed  of  more  or  less  dolomitic  limestone.     In  places  it  is  true 
Joloniite;  while  at  others  it  contains  only  a  small  ix»r  cent  of  mag- 
nesia   and    is  a  magnesian  limestone.     The  character  of  the  rock 


Massive  dolomite 


Bed  and  fre«n  shale  and  olay 


Iflassive  white  gypsam 


Red  clay- 
Clay  and  hard  rock 


HassiTo  white  gypsam 


Red  and  blae  rlay 


Bard  and  mastive  gypsam  In  the  creelf  "bed 


Fig.  26. — Section  on  Boggy  Creek,  9  miles  northeast  of  Eldorado.  Okla. 

varies  considerably.  In  places  it  is  arenaceous  and  soft,  in  other 
Walities  cavernous  or  honeycombed.  Often,  however,  it  is  firm  and 
s<Jid  and  forms  an  excellent  building  stoiu*.  Its  color  is  white,  drab, 
or  sometimes  yellowish.  TJie  underlying  clays  have  ofttMi  l)een 
eroded  and  the  rock  frequently  covers  slopes  at  a  considerable  dis- 
tance below  its  original  position.  While  the  thickness  averages  8 
feet,  it  varies  from  1  foot  to  5  feet.  This  iiienib(4'  is  exposed  on  the 
hilLs  north  of  North  Fork,  in  Roger  Mills  County,  and  on  ])ractically 
all  the  divides  of  Elm  Fork  and  Haystack,  Bull,  and  Fish  creeks  in 
Greer  County.  The  name  of  Magnum  is  that  of  the  county  seat  of 
fireer  County,  near  which  the  dolomite  is  well  exposed. 

Figs.  21  to  20,  inclusive,  showing  sections  taken  in  Koger  Mills  and 
Greer  counties,  indicate  the  stratification  in  that  region.  \ 
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QUABTEBMASTEB  FORMATION. 

Above  the  Greer  are  300  feet  or  more  of  soft,  red  sandstones,  aird 
arenaceous  clays  and  shales,  to  which  the  name  Quartermaster  has 
been  applied.  So  far  as  known  this  is  the  highest  formation  of  tlxe 
red  l>eds  in  Oklahoma. 

In  the  lower  part  of  the  formation  the  rocks  are  chiefly  shales, 
typically  red,  but  sometimes  containing  greenish  bands  and  layers- 
The  shales  become  more  arenaceous  above,  and  in  places  form  B^ 
strong,  consolidated  sandstone,  which  is  rather  thin  bedded  and  pron^ 
to  break  into  small  rectangular  blocks,  and  weather  queerly  inta 
long  and  narrow  buttresses  or  rounded,  conical,  or  nipple-shaped 
mounds  from  10  to  50  feet  or  more  high.  These  mounds  may  be  soli- 
tary,  but  in  some  areas  hundreds  of  them  occur  in  a  single  quarter- 
section.  The  sandstone  is  further  characterized  by  the  marked  and 
very  peculiar  dip  of  the  rocks  in  certain  directions.  The  strata  often 
dip  at  angles  of  from  20°  to  40°  to  all  points  of  the  compass,  even 
in  a  small  area.  These  dips  often  produce  escarpments  that  have 
the  appearance  of  those  formed  by  regularly  bedded  dipping  strata. 
The  most  plausible  explanation  of  this  phenomenon  is  that  the  erratic 
dipping  is  caused  by  the  undermining  of  deep-seated  rocks,  probably 
some  of  the  various  gypsum  members  of  the  Greer. 

In  this  sandstone,  particularly  in  its  upi>er  part,  there  are  many 
springs  of  soft  water,  which  usually  issue  as  seeps  at  the  head  of 
deep  canyons  or  beneath  bluifs  of  red  sandstone.  While  few  of 
them  have  large  flows,  many  are  large  enough  to  supply  farmhouses, 
or,  in  some  cases,  to  furnish  stock  water  for  ranches.  Wells  in  these 
sandstones  frequently  yield  good  wat^r  at  moderate  depths.  In  fact, 
with  the  exception  of  the  eastern  area  of  the  Enid,  the  Quarter- 
master is  the  only  red-beds  formation  in  which  any  large  amount  of 
good  water  is  found. 

Except  where  covered  by  younger  rocks,  the  Quartermaster  out- 
crops over  i)ractically  all  of  Day  and  Roger  Mills  counties,  and  is 
also  extensively  developed  in  the  western  part  of  Dewey,  Custer,  and 
Washita  counties.  To  the  south  and  east  it  is  underlain  by  the 
Greer,  while  to  the  west  and  north  it  disappears  beneath  the  sands 
of  the  Tertiary.  Streams  tributary  to  the  South  Canadian,  Washita, 
and  the  North  Fork  of  Red  River  in  the  region  form  canyons  in  this 
rock  and  are  fed  by  springs  issuing  from  it.  The  name  is  from 
Quartennaster  Ci*eek,  which  flows  from  Day  County  through  the 
extreme  northwestern  corner  of  Roger  Mills  County  and  empties  into 
Washita  River  in  Washita  County.  Along  this  creek  both  the  lower 
shales  and  the  sandstones  higher  up  in  the  formation  are  w^ell 
exposed.  The  peculiarities  of  structure  and  weathering  are  also 
well  exemplified  along  this  stream.     In  the  present  state  of  our 
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knowledge  it  is  not  deemed  advisable  to  attempt  to  subdivide  the 
Quartermaster  formation. 

BED  BEDS   OF   UNCEBTAIN   BELATIONSHIP. 

There  are  in  Oklahoma  two  areas  of  red  beds  which  are  not  cer- 
tainly known  to  belong  to  any  of  the  five  formations  heretofore 
described.  In  this  report  the  names  Lawton  and  Laveme  will  be 
used  to  designate  these  two  areas,  the  term  being  used  in  a  geographic 
sense. 

Lawton  area. — One  of  the  areas  referred  to  includes  the  country 
surrounding  the  Wichita  Mountains  on  all  sides,  occupying  practi- 
cally all  of  Comanche  and  Kiowa  counties,  liesides  eastern  Greer, 
fouthem  Washita,  and  southwestern  Caddo  counties.     The  deposits 
of  the  Greer  formation  surround  the  Wichita  Mountains,  at  a  dis- 
tance of  from  20  to  30  miles,  on  all  sides  except  on  the  south.     (See 
PI.  I.)     It  is  between  these  Greer  outcrops  and  the  mountains  that  the 
rocks  referred  to  occur.     They  consist  chiefly  of  red  clay  shales,  with 
a  few  ledges  of  sandstone  and  dolomite,  and  in  that  regard  correspond 
to  the  Woodward.     Like  the  Woodward,  also,  these  beds  appear  to 
underlie  the   Greer.     Until   the  correlation  of  the  rocks  with  the 
Texas  beds  south  of  Ked  River  has  been  worked  out,  however,  the 
exact  relation  of  the  red  beds  of  this  area  must  remain  a  matter  of 
doubt 

Laceme  area. — ^The  second  area  in  Oklahoma  in  which  the  rela- 
tions of  the  red  beds  are  still  obscure  is  a  narrow  strip  along  the 
south  side  of  Beaver  Creek  in  Woodward  and  Beaver  countless.  The 
beds  are  composed  chiefly  of  shale,  with  an  occasional  ledge  of  sand- 
stone or  gypsum.  These  beds  are  in  strike  with  the  outcrops  of  the 
eastern  area  of  the  Greer  formation  farther  south  in  the  Territory, 
the  intervening  country  being  covered  with  Tertiary  deposits.  (See 
PI.  I.)  In  lithologic  character  the  rocks  are  also  very  similar  to  the 
Greer  formation.  Until  the  stratigraphy  of  the  region  is  thoroughly 
worked  out,  however,  the  question  of  their  correlation  must  remain 
open.* 

Conglomerate. — At  the  bases  of  all  of  the  Wichita  Mountains, 
whether  composed  of  igneous  rock  or  limestone,  are  considerable 
deposits  of  conglomerate,  evidently  derived  from  the  rocks  of  which 
the  mountains  are  composed — that  is,  at  the  base  of  the  limestone 
hills  the  conglomerate  is  made  up  of  limestone  bowlders,  at  the  foot  of 
porphyry  knobs  the  conglomerate   is  made  up  of  porphyry,  while 

•There  are  also  exposures  of  red  beds  lielow  Dakota  and  Tertiary  rooks  on  the 
Qpper  Cimarron  River,  In  the  northwestern  corner  of  Beaver  County,  and  extending  up 
that  atream  Into  New  Mexico.  These  beds  may  or  may  not  Ihj  the  same  In  age  as  those 
akmi;  the  south  side  of  Beaver  Creek  In  the  eastern  part  of  the  county.  It  Is  In  these 
red  beda  near  Kenton  that  the  copper  mines,  which  at  various  times  have  been  worked 
with  more  or  less  success,  are  located. 
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^raiiito  or  «r«il>J>n)  j)oaks  j)i<>duco  «i:i'aiiite  or  gabbro  conglomerate, 
Xi'ar  the  haso  of  tho  mountains  this  c^onglouierate  is  composed  of  j 
rather  lnr<ri*  stones,  somotimos  as  hir|j^'  as  a  ixH*k  measure.  On  leaving 
the  mountains  the  stones  In^come  smaller  and  more  rare,  and  at  the 
same*  time  the  shales  in  wliich  they  aiv  eml)edded  become  more  reddish 
in  color  until  at  a  distance  of  a  few  miles  from  the  mountains  the  con- 
^lonu»rat(»  has  changed  into  typical  red  beds.  In  some  places  red 
shales  api)roach  the  very  base  of  the  i>eaks  and  may  occasionally 
Ik»  s(»en  lying  u  neon  formal  >ly  on  granite,  iK)rphyry,  or  limestone 
rocks.  Kega riling  th«»  age  of  this  ccmglomenite  Mr.  Joseph  A.  Tail 
wrote  me  undtT  date  of  Jaiuiary  :2H,  11)04,  as  follows: 

It  is  uiy  Interprotntion  that  the  c^^UKloinemtos  at  the  baae  of  the  WloWta 
Mountains  are  coniposiHl  of  near-shore  ileiKwits  of  the  red  l)eds  and  therefore  aw 
of  the  same  ajre.  su|)|H>s(Hn.v  rerniinn.  Of  eonrst».  you  underntaud  that  there  are 
considerjil»le  surfaeial  de|»osits  of  jrravel  and  sand,  eRi)eeiaHy  in  the  south 
side  of  the  mountains,  alon^  the  vaUeys  of  Wt»st  Cache  Creek,  wLlch  would  be 
chisseil  as  neceut. 

(JYPSl'M    IX    THE  RED   BEDS. 

In  1002  the  Oklahoma  (ieological  Survey  made  an  estimate  of  the 
amount  of  available  gypsum  in  the  Territory.  The  following  method 
was  (employed :  A  ledge  of  gypsum  a  foot  thick  and  a  mile  square  was 
us(m1  as  a  basis,  the  sj)ecific  gravity  of  the  gj'psum  was  estimated  at 
t>.J^:i,  and  the  weight  of  a  cubic  f(M>t  of  water  at  O'i.o  pounds.  FroiH 
this  it  was  estinuited  that  a  ledge  of  gA'psum  of  the  thickness  giveX* 
above  would  weigh  *J.0»21,1S4  tons. 

In  estimating  the  amount  care  has  \xH.n\  taken  to  include  only  avail" 
abh»  material.  Throughout  a  large  pcu'ticm  of  the  i-egion  the  deposits 
an*  often  covennl  to  considerable  depths  by  overlying  shales  and  clays, 
which  make  up  th(»  greater  part  of  the  hill.  The  ledges,  however, 
outcrop  again  on  the  other  side  of  the  hill,  perhaps  a  mile  distant. 
In  otlH»r  regions  the  ledges  outcrop  along  an  escarpment  and  disap- 
pear entirely  beneath  the  higher  hill  to  the  west.  In  still  other  locali- 
ties the  ledges  do  not  ai)pear  on  the  surface,  but  their  presence  is 
attesttnl  by  numerous  sink  holes  and  by  ledges  encounteivd  in  shallow 
wells,  while,  on  the  other  hand,  in  many  places  the  ledges  are  exposed 
over  considerable  areas,  and  not  infreciuently  a  ledge  !>0  to  50  feet 
thick  will  be  uncovered  for  half  a  mile  or  moiv.  so  that  the  entire 
thickness  niiglit  be  removed  without  IxMug  comix^lled  to  strip  any 
material  from  above  the  ledge. 

West  of  this  i-egion  of  gypsum  outcrops  this  roek  occurs  beneath 
the  surface,  being  encoimtered  in  deej)  wells  at  various  dei)ths,  increas- 
ing to  the  west.  In  a  well  at  Childress,  Tex.,  aln^ut  i>0  miles  from  the 
southwest  corner  of  Oklahoma,  gypsum  Ivds  weiv  found  at  a  depth  of 
more  tlian  1.000  fiH^t,  and  tluMV  stvms  to  1h*  no  doubt  that  the  le<lires 
which  outcrop  in  the  various  localities  in  Oklahoma  extend  westward 
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for  considerable  distances;  passing  deeper  and  deeper  beneatli  tb'^. 
surface.  It  is  entirely  useless  even  to  conjecture  upon  the  c^xtent  of 
these  deposits,  for  nothing  but  an  extended  system  of  deep  borings 
will  ever  solve  the  problem.  These  deep-seated  ledges  have  not  been 
taken  into  account  in  making  up  the  results.  No  deposits  have  been 
considered  in  these  calculations  that  are  more  than  100  fet»t  l^eneath 
the  surface,  and  in  general  the  ledges  discussed  are  less  than  50  feet 
deep,  with  the  greater  part  exposed  upon  the  surface. 

In  arriving  at  results  the  plan  has  been  to  e^stimate  the  numlx>r  of 
square  miles  occupied  by  gypsum  and  the  approximate  combined 
thickness  of  the  ledges.  In  l)oth  calculations  care  was  constantly 
taken  to  make  conservative  estimates.  The  numlx»r  of  square  miles 
was  multiplied  by  the  thickness  in  feet  and  this  l)y  t^,000,000.  This 
product  is  considered  the  number  of  tons  of  gj'psum  in  a  given  area. 

Classified  by  counties  the  approximate  amount  of  gypsum  in  Okla- 
homa is  as  follows : 

Tons. 

Cmdian  County r)0, 000, 000 

Kingfisher  County .50,000.000 

line  Countj' 2,  .^OO.  000. 000 

Woods  County : 14, 000. 000. 000 

i  Woodward  County 24, 0(H>,  000, 000 

I  Cwnanehe  County 200,  (HX),  000 

Csddo  County 3, 000.  (XK),  000 

Washita  County 20, 000, 000, 000 

I  Caster  County C,  000, 000, 000 

Dewey  County ' 1. 000,  (KX),  000 

^  Countj' 500, 000. 000 

Boger  MUls  County 1, 000. 000, 000 

6K€r  County 53, 000. 000,  (KK) 

Total - 12.'>,  .300,000, 000 

At  the  present  there  are  eight  mills  in  Oklahoma  where  gyi)sum 
is  manufactured  into  plaster. 


PALEONTOLOGY   OF  THE   RED   IlEDS. 


The  scarcity  of  fossils  in  the  Kansas-Oklahoma  red  l)eds  has  been  a 
matter  of  .comment  ever  since  these  rocks  have  l)een  studied.  In  Kan- 
^  particularly,  Hay,  Cragin,  Prosser,  Beede,  Williston,  and  others 
have  at  various  times  searched  carefully  over  the  counties  in  which 
these  rocks  are  exposed,  but  without  avail.  So  far  as  known  not  a 
single  fossil  has  ever  been  found  in  the  Kansas  red  lx*ds. 

In  Oklahoma,  fortunately,  the  results  have  been  more  satisfactory. 
Xot  that  fossils  are  abundant,  for  they  are  in  fact  very  rare,  yet 
enough  forms  have  been  found  at  various  horizons  to  assist  the  geol- 
ogist in  the  classification  of  the  rocks.  Foiu*  years  ago  the  geologic 
«ge  of  the  red  beds  was  not  certainly  known,  for  at  that  time  fossils 
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hail  been  found  in  but  one  locality,  and  these  for  the  purpose  of  cor- 
relation were  far  from  satisfactory.  Of  the  five  localities  west  o^ 
the  provisional  base  of  the  Permian  from  which  fossils  have  been  ob- 
tained in  Oklahoma  two  only  have  yielded  invertebrates,  in  iy^o 
other  localities  vertebrates  alone  have  been  found,  and  from  the  fifth 
locality  vertebrates,  invertebrates,  and  plants  have  been  secured.  ^ 
brief  description  of  these  localities  and  the  fossils  obtained  from  eacH 
W'ill  ha  given. 

On  the  farm  of  W.  T.  McCann,  5  miles  southeast  of  Nardin,  Ka^ 
County,  a  number  of  fossils  were  found  in  a  ledge  of  sandstone  whicl^- 
lies  just  at  the  base  of  the  red  beds.  A  vertebrate,  identified  a^ 
Ei^yops  7negacephalu8  by  Dr.  S.  W.  Williston,  a  small  crustacean^ 
Esther ia  minuta^  and  some  fossil  leaves  comprise  the  collection. 

Dr.  E.  C.  Case  has  identified  the  following  forms  obtained  near 
Orlando,  I^ogan  County :« 

PISCES. 

Dincranodus  (Pleu/aoantluis)  ampressus  (?)  CJope. 
SaKiMiodus  (?)  sp. 

BATRACHIA. 

Diplocaiihis  magnicornis  (?)  Copo. 

limbatiis  (?)  Cope. 

salaiiiaiKlroides  Cope. 
Trimerorhacbis  sp.  Coi)e. 

loptorhynchus  sp.  no  v. 
Cricotiis  sp.  Cope. 

Cricotilliis  brachydens  k-  ot  sp.  nov. 
Eryops  mogaeeplialus  Cope. 
Crossotelos  aimubitiis  ^.  et  sp.  nov. 

REPTILIA. 

Noasaurus  sp.  Coi>e. 
Embolopborus  (V)  sp.  Cope. 
Parioticbus  ordinatus  Cope. 

sp.  Cope. 
Pleuristion  bracbycoelous  g.  et  sp.  nov. 

A  number  of  vertebrates  have  recently  been  discovered  5  miles  east 
of  Pond  Creek,  (irant  County.  These  bones  have  not  been  identified, 
but  from  superficial  examination  they  appear  very  similar  to  the 
specimens  from  Nardin  or  Orlando. 

In  a  led^re  of  soft,  sandy  dolomite  which  underlies  the  Medicine 
Lod^e  ^y])sum  near  Ferguson,  Okla.,  a  number  of  invertebrates  have 
been  found,  among  which  Dr.  J.  W.  Beede  finds  the  following  forms: 

Plenropbonis  suboiineatus  Meek. 
Si'bizodus  (?)  like  S.  Wbe<»leri. 


"  Case.    K.    <\.    On   Rome   vertebrate   fossils    from    the    Permian    of   Oldahomn  •  Second 
Biennial  Rept.  Oklahoma  (ieol.  Surv.,  1902,  pp.  02,  08. 
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Near  Whitehorse  Spring,  16  miles  west  of  Alva,  a  considerable 
iiuniber  of  invertebrates  were  obtained.  Doctor  Beede  identified  the 
following  genera:*  Naticops^is^  Phurotoviarhu  Pleurophorus^  Lima^ 
Sedgwickia,  Aviculopecten^  Bakewelia^  Conoeardium^  and  Dielasrrui. 
The  last  four  genera  are  represented  by  new  species. 

AGE   OF   THE   RED  BEDS. 

Regarding  the  age  of  the  red  beds,  Doctor  Williston  identifies 
EryopH  megacephahis^  from  Nardin,  as  a  Permian  amphibian, 
described  by  Cope,  from  Texas.  Of  the  Orlando  fossils  he  says:'' 
**  Altogether  these  fossils  unmistakably  point  to  the  Permian."  Doc- 
tor Case  points  out  the  close  resemblance  of  these  fossils  to  similar 
foniis  from  the  Permian  of  northern  Texas,  Ireland,  and  Bohemia.^ 

Doctor  Beede,  in  the  paper  referred  to,  in  speaking  of  the  ^Vhite- 
horse  invertebrates,  says : 

On  tbe  whole,  these  fossils  show  an  advance  over  the  fossils  of  the  Permian 
below.  Some  of  the  si>ecit»s  still  i>ersist,  as  we  should  exi)e<'t  from  the  fact  that 
tben.»  is  no  unconformity  l)etween  these  various  formations.  On  the  other 
luiml.  there  is  a  new  si)ecies  of  Diclasma  belonging  to  a  group  new  to  the 
.Vuiorican  Permian.  *  *  *  Taking  all  this  into  consideration,  there  can  be 
little  (louht  that  the  age  of  these  beds  is  Permian. 

Of  these  localities  Orlando,  Nardin,  and  Pond  Creek  are  in  the 
Enid  formation;  Gypsum  Hills  locality  in  the  Blaine,  and  the 
^Miitehoi-se  locality  in  the  Whitehorse  sandstone,  the  middle  member 
of  the  Woodward  formation.  So  far  as  known  no  fossils  have 
been  found  in  the  Greer  and  Quartermaster  formations  of  Oklahoma, 
but  there  is  no  reason  for  supposing  that  these  beds  differ  greatly  in 
age  from  those  immediately  subjacent.'' 

CRETACEOUS  ROCKS. 

^^^lerever  the  red  beds  are  covered  by  other  rocks  there  is  always 
a  ilistinct  line  of  unconfoiTnity,  showing  that  erosion  has  taken  place 
tefore  the  later  rocks  were  deposited.  As  far  as  known  there  is  no 
eridence  of  Triassic  or  Jurassic  rocks  in  Oklahoma  and  the  forma- 
tions next  higher  than  the  red  beds  in  the  geological  scale  are  Cre- 
taceous rocks,  which  are  exposed  in  many  ])arts  of  western  Oklahoma, 
but  almost  invariably  in  local  and  scattered  areas.  The  Cretaceous 
rocks  belong  to  either  the  Comanche  or  the  Dakota  series. 

•  Beede,  J.  W.,  Advance  Bulletin  of  the  Second  Annual  Report  of  tlie  Oklahoma  Geo- 
logical Survey,  April.  1002. 

•  I^etter  of  November  24,  1900. 
♦■  Op.  clt..  p.  62. 

<  Since  the  above  was  written  fossils  found  In  the  Quartermaster  sandstone  In  Col- 
Ungworth  County,  Tex.,  have  been  Identified  by  Doctor  Beede.  who  finds  that  they  are 
Tery  similar  to  tliose  from  Whitehorse  and  of  Permian  age. 
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COMANC'lIE   8EKIES    (liOWER   CRJ-rrACBOUS). 

Ill  ^Mieral  the  Coiniincho  or  Ijowor  Crotaeeoiis  rocks  iu  Oklahoma     I 
consist  of  limestone  and  shales.     In  many  of  the  western  counties 
thesi»  ile})()sits  are  found  on  hillsides  and  are  known  locally  as*' shell 
rcK'k,"  lKM*ans(»  they  aixi  composed  largely  of  fossil  shells  belonging 
chiefly  to  some  inenibt^r  of  the  oyster  family. 

()utcroj)s  of  the  Comanche  series  are  known  to  occur  in  the  follow- 
ing counties:  Woodward,  Hewey,  Custer,  Day,  Washita,  Roger  Mills, 
and  Beaver.     In  every  instance  these  rocks  lie  on  the  eroded  surface 
of  the  old  red  IhhIs  floor,  and  in  many  instances  apparently  upon  tb® 
flank  of  a  former  pre-Creta(*tH)Us  red  beds  hill.   . 

Tlu»  most  eastern  point  to  which  the  Comanche  deposits  fonnerlV' 
reached  can  not  1h»  ascertained,  iHMjaust*  thesi*  dei)osits  have  bee^ 
largely  erodcMl  sinci*  they  wei'e  laid  down.  It  seems  probable,  ho^^ 
ever,  that  the  same  deposits  are  but  the  ixnnnant  of  a  much  large^ 
area  of  the  Comanche  l>eds. 

The  Oklahoma  Cretawous  IkmIs  form  a  connecting  link  betweeiB^ 
larg(4'  areas  of  Coman(Jie  stories  in  Texas  and  Kansas.  In  the  former^ 
State  the  Lower  Cretaceous  lx»ds  occur  in  largi»  areas.  In  Kansas 
theiv  arc*  exl(Misive  outcroi)s  of  Comanche  deiH)sits  year  Belvidere, 
Kiowa  County,  and  in  Clarke,  Conumche,  and  other  counties,  the 
thickness  in  j)laces  reaching  200  feet  or  moiv.  Near  Salina,  in  the 
central  part  of  the  State,  the  Mentor  IhmIs  are  also  of  Ijower  Ci'eta- 
ceous  age.  It  is  not  the  intention  of  the  writer  to  discuss  the  agn*  of 
these  beds  further  than  to  say  that  it  seiMus  probable  that  they  Ix'long 
to  the  Washita  or  upj)er  meml)er  of  the  I^wer  Cn»taceous.  This 
stateuHMit  is  substantiated  by  the  fact  that  in  the  extreme  north- 
western part  of  Beaver  County  a  series  of  clays  containing  typical 
Cretaceous  fossils,  Gnjphnit^  Kd'otji/ni^  AntinonlteH^  etc.,  are  found 
lying  conformably  below  the  Dakota  sandstone. 

UPPER   CRETACEOUS. 
UAKOTA    SANDSTONE. 

As  far  as  known  the  outcrops  of  the  Dakota  in  Oklahoma  occur 
only  in  the  extreme  western  j)ai-t  of  the  Territory,  along  canyons  cut 
by  th(»  Cimarron  and  the  headwatei-s  of  Beaver  Crt»ek.  Typical 
exposures  occur  near  Kenton,  Okla.,  within  a  few  miles  of  the  New 
Mexico  \\\\i\  and  for  (JO  miles  farther  up  the  Cimarron,  as  far  as  the 
vicinity  of  Folsom,  N.  Mex.  llie  s(»ction  shown  in  fig.  28  was  made 
on  the  Black  Mesa,  2  miles  north  of  Cimarron  River,  at  Kenton,  Okla. 
The  Dakota  in  that  region  consists  of  alternating  ledgi^s  of  shale  and 
sandstones,  a  form  of  structure  which  is  characteristic  of  the  Dakota 
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in  central  Kansas  and  Nebraska,  where  it  is  typically  ex])osed. 
Typical  Dakota  hills  in  Oklahoma  are  shown  in  Pis.  IV,  .1,  B :  X,  B ; 
and  XVII,  -rl,  B.  A  few  imperfectly  preserved  dicotyledons  Ix^long- 
ingto  the  genera  Popidm^  Salir,  Firus^  and  PlatanuH  were  found  in 
the  sandstone  rocks  near  Mineral,  Okla.  These  genera  are  common 
forms  in  central  Kansas,  where  dicotyledon  leavers  are  abundant.  The 
writer  does  not  desire  to  express  an  opinion  as  to  whether  or  not  the 
Morrison  may  be  found  in  the  region  of  Kenton. 

TERTIARY  ROCKS.a 

Lying  unconformgbly  upon  the  surface  of  the  red  beds  and  Cre- 
taceous over  a  large  part  of  western  Oklahoma  is  an  extensive  deposit 
of  Tertiary  rocks,  the  exact  age  of  which  has  never  been  determined 
with  accuracy.  Paleontological  evidence  is  rare,  but,  following  the 
usual  classification  of  lx;ds  of  apparently  tli(»  same  age  in  western 
Kansas  and  Nebraska,  there  seems  no  valid  reason  for  not  considering 
them  Miocene  or  Pliocene.  In  Nebraska  Darton  distinguishes  the 
Arikaree  and  Ogallala  formations,  the  former  l)eing  Miocene  and 
the  latter  doubtfully  Pliocene  in  age.''  In  Kansas  the  geologists 
have  not  differentiated  the  strata,  and  in  the  light  of  our  ])resc*Jit 
knowledge  it  seems  impossible  to  do  so  in  Oklahoma,  and  for  this 
reason  this  formation  will  be  referred  to  as  Miocene  or  simply  as 
Tertiary. 

With  the  exceptions  of  the  alluvium  and  sand  hills  the  Tertiary 
is  the  uppermost  formation  in  Oklahcmia.  The  red  l>e(ls  underlie  it, 
except  that  between  the  red  l>eds  and  the  Tertiary  occur  sometimes 
Comanche  Cretaceous  members,  but  in  nearly  every  instance  the  latter 
are  but  inconspicuous  beds  sandwiched  in  between  the  other  forma- 
tions. 

In  general  the  later  Tertiary  occupies  the  uplands  of  the  western 
half  of  Oklahoma,  almost  always  occurring  (m  the  high  divides  be- 

*  For  disciissionB  of  Tertiary  deposits  for  various  parts  of  the  cjreat  Plains  the 
reader  Is  referred  to  the  following?  pnbll(ath)ns  : 

Hay.  Roliert.  Water  resources  of  a  portion  of  thr*  <lroat  I'lalns :  Sixteenth  Ann.  Rept. 
r.  S.  Geol.  Survey,  pt.  2.  1805.  pp.  r»:M  ot  simi. 

Gilbert.  G.  K.,  The  underground  waters  of  the  Arkansas  Valley  In  eastern  Colorado: 
Serenteenth  Ann.  Kept.  V.  S.  (Jeol.  Siirvey.  pt.  l',  Isim;.  pp.  ."i."»T  rt  seq. 

Hawortb,  E..  rhyslcal  properties  of  the  Tertiary  :  Tiilv.  <;eol.  Survey  Kansas,  vol.  2, 
JJ^7.  pp.  247-284.  Underground  waters  of  southwi'stern  Kansas:  Water  Sup.  and  Irr. 
Paper  No.  6.  1807. 

Joboson,  Willard  D.,  The  high  plains  and  their  ntlilzation:  Twenty-tirst  Ann.  Kept. 
r.  S.  (ieol.  Survey,  pt.  4,  1901,  pp.  r>ol-741.  Continued  in  Twenty-second  Ann.  Kept.  V.  S. 
G«>L  Survey,  pt.  4,  1902,  pp.  O.'U-r.OO. 

Darton.  Nelaon  Horatio,  A  preliminary  report  of  the  geolo;ry  and  water  resources  of 
Kd!»raakA  west  of  the  one  hundred  and  third  meridian  :  Nineteenth  Ann.  Kept.  W  S. 
BeoL  Survey,  pt.  4,  1809,  pp.  710-7H.'i.  Trellmlnary  report  on  the  geoh)iry  and  under- 
Knmnd  water  reaources  of  the  central  (Jreat  Plains :  Prof.  l*aper  U.  S.  Oeol.  Survey 
So.  32,  1005. 

•Op.  clt.,  pp.  732  et  aeq. 
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Iwe^n  the  streams.  It  comprises  mostly  all  of  Beaver  Count} 
in  Day  and  Woodward  counties  it  occupies  the  extensive  level  pi 
Ix^tween  Cimarron  and  South  Canadian  rivers.  The  high  > 
l)etween  the  Nortli  Fork  of  Red  River  and  the  Washita  in  w 
Roger  Mills  County  is  Tertiary  also.  In  the  central  part  of  th 
ritory  Tertiary  deposits  occupy  the  greater  part  of  the  uplands,! 
places  are  known  to  extend  nearly  as  far  as  the  eastern  tier  of  coi 
Pis.  V  and  XIII  exhibit  characteristic  Tertiary  topography. 

Physical  properties,'' — The  Tertiary  consists  for  the  most  p 
clay,  sand,  and  gravel.    These  materials  are  in  no  regular 
graphic  succession,  as  shown  in  fig.  27.     In  pl|ices  the  entire 
ness  of  the  formation  is  clay;  again  sand  and  gravel  predoD 
and  often  deposits  of  different  character  will  l)e  interbedded. 

The  clay  is  usually  white  or  pinkish,  and  sometimes  forms- 
banks  or  cliffs  along  the  bluffs  or  around  the  heads  of  canyon 
th(»  harder  ledges  the  name  '*■  mortar  beds  "  has  been  applied 


Fiti.  27. — Tertiary  structure,  sbowlnf?  formation  of  mortar  beds. 

Kansas  geologists.     Outcrops  of  this  formation  are  shown  i 
XII,  XIII,  and  XIV, /?. 

The  sand  is  of  various  degrees  of  fineness,  and  is  composed  i 
most  part  of  (puirtz,  although  other  minerals  an*  present.  The  j 
when  examined  under  the  microscope,  are  usually  rounded,  indi 
the  action  of  water. 

''  Tertiary  pebbles  "  is  the  term  usually  applied  by  geologists 
smooth,  rounded,  waterworn  pebbles  scattered  abundantly  ov 
slopes  and  points  throughout  western  Oklahoma  and  Kansas. 
pebbles  liave  l)een  washed  out  of  the  Tertiary  deposits,  of  whic 
often  constitute  a  moderately  large  proportion.  They  are  freq 
cemented  together  and  form  a  hard  conglomtTate  rock  known  a 
tiary  grit,  which  on  exposure  forms  conspicuous  ledges.  (S 
XIV,  .1.)  A  good  example*  may  be  seen  near  the  head  of 
Canyon,  (m  the  trail  from  Woodward  to  the  Big  Salt  Plain. 

The  pebbles  are  of  all  sizes,  from  coarse  sand  to  stones  s 
inc^hes  in  diameter.  Quartz  is  the  principal  mineral,  granite 
spar,  and  other  minerals  also  being  present. 


«  See  article  by  E.  Ila worth,  Second  Ann.  Rept.  Kansas  Unlv,  i\^\.  Survey,  pp. 
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In  the  grits  and  conglomerates  the  cementing  material  usually  is 
calcium  carbonate.  A  drop  of  acid  placed  upon  almost  any  of  the 
material  taken  from  a  depth  of  a  few  feet  below  the  surface  will  cause 
it  to  effervesce  rapidly.  In  addition  to  the  materials  named  above 
there  are  also  in  the  Tertiary  rocks  small  amounts  of  other  substances, 
of  which  the  most  important  are  silt,  black  sand,  and  volcanic  ash, 
but  they  need  not  be  discussed  in  this  connection. 

Origin, — ^The  Tertiary  is  not  only  the  latest  important  deposit  in 
point  of  time,  but  it  is  also  the  only  fresh  water  formation  in  Okla- 
homa (except,  perhaps,  some  Pleistocene).  The  Pennsylvanian,  Per- 
mian, and  Cretaceous  are  sea  deposits  and  contain  marine  fossils, 
but  the  fossils  of  the  Tertiary  are  chiefly  bones  of  land  animals,  mas- 
todons, rhinoceroses,  camels,  etc.,  and  fresh-water  shells.  There  has 
been  considerable  difference  of  opinion  among  geologists  regarding 
the  mode  of  deposition  of  the  Tertiary,  but  there  has  never  been  any 
doubt  as  to  the  fact  that  the  Rockj'^  Mountains  alone  could  have  sup- 
plied the  vast  amount  of  material  that  has  been  spread  out  over  the 
western  part  of  the  plains. 

Extent  and  thickness. — It  is  probable  that  the  Tertiary  deposits  at 
one  time  covered  the  entire  western  part  of  Oklahoma.  The  valleys 
of  the  present  streams  have  been  carved  in  these  deposits,  and  in  many 
parts  of  the  Territory  all  traces  of  the  Tertiary  are  gone,  except 
scattered  quartz  pebbles. 

The  thickness  of  the  formation  varies  with  the  locality,  being 
greatest  on  the  high  divides.  Throughout  a  large  part  of  western 
Oklahoma  its  thickness  averages  100  feet  or  more,  while  in  a  few 
localities  distant  from  the  streams  it  may  reach  as  much  as  800  feet. 
On  the  other  hand,  in  a  great  many  places  there  is  but  a  thin  blanket 
of  the  deposit  over  the  red  beds. 

LAVA  OF  BLACK  MESA. 

Black  Mesa  extends  from  Colorado  and  New^  Mexico  into  the  ex- 
treme northwest  corner  of  Oklahoma  (see  fig.  28).  The  height  of 
the  table-land  above  the  valley  of  Cimarron  River  is  approximately 
r»00  feet,  the  upper  125  of  which  is  conposed  of  a  black,  firm,  basaltic 
lava,  which  lies  unconformably  upon  beds  of  typical  Tertiary,  both 
the  [>ebbles  and  marl  being  exposed  along  the  slope  of  the  mesa. 
The  Tertiary  in  turn  lies  unconformably  on  the  Dakota  sandstone. 
The  area  in  Oklahoma  covered  by  this  hiva  is  (>  square  miles  The 
age  of  the  lava  flow  is  not  ascertained  l)eyond  the  fa(!t  that  it  was 
later  than  the  Tertiary  deposits,  but  doubtless  the  flow^  occurred  when 
the  many  volcanic  peaks  in  northeastern  New  Mexico  were  formed. 
IBB  148—05  M 6 
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QUATERNARY  SYSTEM. 

SAND   UUXS. 

In  Oklahoma  there  are  two  general  regions  in  which  sa 


M 


•lUlpi!iTbM»ltIc  1»T»  W>{  ^^- 


TertUiy  pebbleiaod       ^\ 
mortar  bedi 


fleftry,  mftiaiTe  «ftnd-     ^ 
■tone,  croaa  bedded 


Clay  ahftle,  yellowlih 
bUck 


Massire  rroi«  bnddod  rj)' 
tiandiitone,  •mall  rouDdt'xl 
coucretioiia 


Shale,  yellow  aud  blacki-^*. 
talus  alope 


Sandatoiie,  gray  aud 
reddish 


Red  clay 


Fio.  28. — Section  of  Black  Mesa,  2  miles  north  of  Kenton.  Okla. 


occur — the  first  being  located  in  the  eastern  tier  of  counties  ; 
second  in  the  central  and  western  part  of  the  Territory.     T) 
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hilk  of  the  two  regions  differ  somewhat  in  origin,  but  all  are  due  to 
the  wind. 

In  the  eastern  region  the  sand  hills  are  extensively  developed  in 
parts  of  Pottawatomie,  Lincoln,  and  Payne  counties,  as  well  as  in 
the  eastern  part  of  the  counties  immediately  adjacent  on  the  west. 
The  greater  part-  of  this  region  is  underlain  by  Pennsylvanian  rocks 
of  the  Chandler  district,  which  consists  largely  of  ledges  of  soft  sand 
rock  interbedded  between  arenaceous  shales.  It  is  to  this  sand  rock 
that  we  must  look  for  the  origin  of  the  sand  hills.  The  agents  of 
weathering — rain,  frost,  tennx»rature,  wind,  etc. — break  down  the 
sand  rock,  leaving  loose  unconsolidated  sand  grains.  The  modify- 
ing force  is  the  wind.  Inasmuch,  however,  as  this  is  mainly  a  tim- 
bered country,  wind  action  is  made  much  less  violent  than  in  localities 
farther  west,  and  so  the  sand  hills  are  usually  not  so  pronounced  as  in 
other  parts  of  the  Territory. 

The  sand  hills  of  the  western  region  are  mainly  the  resultant  of 
two  factors — gravity  and  wind.  Practically  all  of  the  sand  is  de- 
riied  from  the  Tertiary  deposits,  which,  as  has  been  stated,  probably 
once  covered  nearly  the  entire  central  and  western  part  of  Oklahoma. 
Along  the  streams,  particularly  along  the  southern  slopes,  this  blanket 
of  Tertiary  beds  has  been  largely  removed  by  erosion ;  but  on  the 
divides,  and  on  the  north  slopes  of  the  streams  as  well,  it  has  remained 
in  many  places.  As  the  Tertiary  deposits  consist  largely  of  clay, 
sand,  and  pebbles,  and  the  clay  is  washed  away  more  rapidly  than  the 
coarser  materials,  much  unconsolidated  sand  remains  in  many  areas. 
Some  of  this  sand  finds  its  way  to  the  various  streams  and  eventually 
chokes  their  channels.  During  timers  of  drought  strong  south  winds 
Wow  this  sand  out  of  the  channel  onto  the  flood  plain  to  the  north. 
Some  [)ersons  believe  that  all  sand  hills  along  the  streams  are  com- 
posed of  sand  blown  from  the  stream,  but  the  facts  observed  do  not 
justify  so  sweeping  an  assumption.  In  many  parts  of  the  Territory 
then*  are  sand-hill  regions  15  or  more  miles  wide,  extending  north 
from  the  stream,  and  on  top  of  some  of  these  sand  hills  pebbles  as 
large  as  a  walnut,  weighing  several  ounces,  have  been  found.  The 
writer  is  not  yet  n»ady  to  admit  that  the  wind  can  carry  a  ])ebble  of 
this  size  and  deposit  it  on  a  sand  hill. 

The  theory  of  river  sand  being  untenable  in  many  cases,  another 
origin  must  be  sought.  To  the  writer  it  aj)pears  most  j)r()bal)le  that 
the  sand  which  forms  the  greater  i)art  of  these  sand  hills  is  obtained 
directly  in  place  from  the  disintegration  of  Tertiary  rocks  and  that 
the  wind  is  but  the  modifying  factor.  The  sand  hills  are  mainly 
north  of  the  streams,  and  the  foj-ce  of  gravity  is  also  constantly  at 
Work,  producing  a  slow  but  constant  cre(»ping  of  the  sand  stream- 
ward;   but^  on  the  other  hand,  the  prevailing  winds  l>eing  from  the 
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south  tend  to  counteract  the  creeping  motion,  and  so  it  may  be 
assumed  that  the  material  composing  the  hills  remains  practically 
stationary. 

Another  interesting  feature  is  the  zonal  arrangement  of  the  sand 
hills.  Every  stream  in  the  Territor}'^,  except  Washita  River,  which 
is  unlike  all  other  streams  of  the  Plains,  has  a  row  of  sand  hills  along 
its  north  hank.  Salt  Fork,  Cimarron,  North  Canadian,  South  Cana- 
dian, and  Red  rivers  are  all  bordered  with  sand  hills  on  the  north 
side,  while  the  south  hank  of  these  streams  is  usually  a  canyon-cut 
slope  composed  of  the  red  clays  and  shales  of  the  red  beds.  This 
subject  will  be  discussed  on  pages  121,  122. 

ALI.UVIUM. 

The  flood  plain,  or  ''  bottom  land,"  of  the  rivers  of  Oklahoma  is 
made  up  largely  of  alluvium,  or,  as  it  is  often  known,  valley  wasb^ 
derived  largely  from  the  uplands.  For  the  most  part  this  alluvium 
is  composed  of  material  derived  from  the  disintegration  of  two  kinds 
of  rocks,  red  beds  clays,  and  Tertiary  sands  and  clays.  In  placed 
the  bottom  lands  have  the  bright  vermilion  hue  of  a  red  beds  slope» 
or,  again,  the  flood  plain  is  made  up  almost  entirely  of  white  sand  ; 
but  in  the  majority  of  cases  the  alluvium  is  a  dark-colored  chocolate 
loam  and  forms  an  extremely  fertile  soil.  The  extent  of  the  alluvial 
deposits  varies  greatly  along  different  streams.  Their  width  is  from 
2  to  4  miles  along  such  rivers  as  Salt  Fork,  Cimarron,  North  Cana- 
dian, South  Canadian,  Washita,  and  Red,  and  perhaps  less  than  a 
mile  along  the  secondary  streams.  The  depth  of  the  material  as 
shown  in  wells  varies  from  2  to  30  feet. 

WATER  SUPPLY. 

GEXERAIi  CONDITIONS. 

The  water  of  Oklahoma  varies  from  the  purest  of  spring  water 
from  granite  rocks  or  sand  hills  to  water  so  thoroughly  impregnated 
with  mineral  salts  as  to  be  totally  unfit  for  domestic  use.  The  quan- 
tity of  the  water  is  in  most  localities  ample  for  all  ordinary  purpos^^s, 
there  being  few  sections  in  the  Territory  in  which  a  supply  may  not 
be  obtained  in  wells  of  moderate  de])th. 

In  order  to  study  intelligently  the  problem  of  water  supply  in  a 
region  with  so  many  and  varied  kinds  of  w-ater  as  Oklahoma  it 
becomes  necessary  to  subdivide  the  Territory  into  districts,  each  of 
which  furnishes  water  of  a  certain  more  or  less  uniform  quality.  In 
Oklahoma  it  has  Ihhmi  found  that  no  better  general  system  of  classifi- 
cation may  be  adopted  than  the  one  already  given  under  the  heading 
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*•  Topography,"  for  the  topographic  features  and  character  of  water 
both  depend  primarily  on  the  rocks.  The  topographic  divisions  are 
as  follows:  Wichita  Mountain  region,  Flint-Sandstone  Hills  region, 
Low  Plains  region.  Gypsum  Hills  region,  High  Plains  region,  and 
Dakota  Sandstone  region.  The  general  outline  of  these  various 
regions  is  given  on  pages  13-18,  and  illustrated  on  fig.  1  (p.  14). 

Another  factor  which  should  be  mentioned  before  taking  up  the 
various  regions  in  detail  is  the  kinds  of  rocks  in  which  water  occurs. 
J- J  Leaving  out  of  accouiit  the  Wichita  Mountain  region  and  the  Osage 
nation,  practically  all  the  water  in  Oklahoma  comes  from  either  red 
beds  or  Tertiary  deposits.  In  the  Tertiary  areas  the  water  is  almost 
uniformly  sweet,  pure,  and  wholesome;  in  the  red  IkhIs,  on  the  other 
hand,  it  is  often  unfit  for  use.  The  red  beds  are  practically  every- 
where pre^sent  at  the  surface,  except  in  the  western  part  of  the 
Territor\\  where  they  are  covered  by  Tertiary  deposits.  It  will  be 
remembered  that  Tertiary  rocks  cover  nearly  all  of  Beaver  County,  as 
well  as  large  areas  in  other  western  counties,  and  occur  as  rows  of 
sand  hills  covering  the  red  beds  along  the  north  side  of  practically  all 
the  large  streams  nearly  to  the  eastern  part  of  the  Territory.  The 
water  in  these  Tertiary  sand  hills  is  good ;  it  follows  that  well-defined 
zones  or  l)elts  of  good  water  extend  far  east  into  the  general  area  of 
red  beds. 

The  water  in  the  alluvial  deposits  along  the  streams  is  usually  both 
abundant  and  of  good  quality.  As  the  alluvium  is  composed  largely 
of  sand,  clay,  and  loam  derived  from  red  beds  and  Tertiary  rocks,  and 
the  amount  of  sand  usually  is  sufficient  to  make  it  porous,  the  entire 
flood  plain  of  nearly  all  the  streams  is  saturated  with  water.  Even  in 
those  areas  of  the  red  beds  where  good  water  can  not  be  obtained  from 
the  red  clays  of  the  uplands,  it  is  not  unusual  to  find  an  abundant 
supply  of  pure  water  along  the  river  bottoms,  and  not  infrequently 
a  small  creek  or  even  a  prairie  sand  draw  will  contain  a  deposit  of 
alluvium  from  which  a  considerable  supply  of  water  may  be  obtained. 
Me<lford,  Enid,  and  Weatherford  may  be  cited  as  examples  of  cities 
that  obtain  water  under  such  conditions. 

WICHITA    MOUNTAIN    REGION. 

In  the  Wichita  Mountains  numerous  springs  issue  from  granite 
and  f)orphyry  rocks  and  furnish  an  abundant  supply  of  water  of 
good  quality.  Such  creeks  as  Medicine  Blutf,  Blue  Beaver,  West 
Cache,  Oak,  Otter,  and  Rainy  Mountain  are  fed  at  least  in  part  by 
springs  from  igneous  rocks. 

In  the  limestone  hills  north  of  the  main  range  springs  issue  from 
the  Arbuckle  limestone,  and  Blue,  Chanler,  East  Cache,  Rainy  Moun- 
tain, and  other  creeks  are  fed  in  part  by  them.     Few  wells  have  been- 
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put  down  as  far  as  either  igneous  or  limestone  rocks,  but  in  m 
mining  shafts  water  is  encountered  in  such  quantities  as  to  inter 
seriously  with  the  progress  of  the  work,  indicating  the  presence 
considerable  quantities  of  groimd  water. 

In  the  red  l)eds  country  surrounding  the  mountains,  wate 
usually  found,  but  in  many  places  neither  the  quantity  nor  the  qua 
is  satisfactory. 

FLINT-SANDSTONE    HILLS   REGION. 

This  region  includes  the  Osage  and  Kaw  reservations  nortl: 
Arkansas  River,  all  the  counties  along  the  eastern  boundary  of 
Territory  and  the  eastern  part  of  Kay,  Noble,  Logan,  Oklahoma, 
Cleveland  coimties.  In  other  words,  it  comprises  practically 
the  territory  east  of  the  main  line  of  the  Atchison,  Topeka  and  Si 
Fe  Railway.  It  is  150  miles  long,  north  and  south,  with  an  avci 
width  of  50  miles,  and  has  an  area  of  approximately  7,500  S)(]i 
miles. 

This  region  corresponds  closely  to  the  outcrop  of  the  Penn 
vanian  series  as  represented  in  eastern  Oklahoma.  In  the  wesi 
part  of  the  Osage  Nation  is  the  southern  end  of  the  Flint  Mills, 
rocks  of  which  consist  chiefly  of  limestones  and  shales,  while  fan 
east  in  the  same  reservations  sandstones  and  shales  predomin 
South  of  Arkansas  River  limestones  are  rare,  sandstones  and  sh 
predominating.  In  this  part  of  the  region,  particularly  in  part 
Lincoln  and  Pottawatomie  counties,  there  are  considerable  area: 
sand  hills,  the  material  of  which  is  disintegi'ated  sand  derived  f 
the  rocks  in  place. 

In  general,  this  district  is  the  best-watered  part  of  the  Territ 
There  are  s(»veral  reasons  for  this  condition:  First,  the  rainfal 
from  35  to  40  inches,  Ix^ing  greater  than  in  the  regions  farther  w 
second,  the  rocks  consist  largely  of  porous  sandstone  which  ij^ 
excellent  water  carrier;  third,  there  is  a  smaller  amount  of  min 
salts  in  the  rocks  of  this  region  than  in  those  farther  west.  Spr 
are  not  uncommon.  In  the  Osage  Nation,  as  well  as  in  the  cour 
south  of  Arkansas  River,  a  number  of  s])rings  issue  from  above 
shale  beds,  beneath  either  limestone  or  sandstone  ledges.  Wells  1 
been  put  down  on  practically  every  quarter  section  and  the  gre 
part  of  them  furnish  good  water  at  moderate  depths. 

LOW    PLAINS    REGION. 

This  region  has  been  outlined  on  page  10.     It  extends  practic 
from    the    main    line    of    the    Atchison,    Topeka    and    Santa 
Railway  west  to  the  Gypsum  Hills.     Geologically  it  includes 
Enid  division  of  the  red  beds,  the  rocks  consisting  chiefly  of 
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clavs  and  shales,  with  a  few  thin  interbedded  l>eds  of  red  sandstone. 
Xorth  of  each  of  the  rivers  which  cross  this  region — Salt  Fork, 
Cimarron,  and  North  and  South  Canadian — is  a  strip  of  sandhills 
country  from  2  to  15  or  more  miles  wide. 

Water  from  the  red  beds  usually  contains  mineral  salts,  which  in 
jnany  places  render  it  unsatisfactory  for  use.  In  Oklahoma  water 
that  is  unpleasant  to  the  taste  is  often  called  ''  gyp  water."  As  the 
popular  phrase  has  it, ''  (xyp  water  tastes  sleek  and  greasy  and  leaves 
an  aftertaste  in  the  mouth."  Much  of  the  water,  however,  does  not 
contain  any  great  percentage  of  calcium  sulphate.  The  most  common 
salts  are  sodium  chloride,  sodium  sulphate,  calcium  carbonate,  mag- 
nesium sulphate,  sodium  carbonate,  magnesium  carlx)nate,  calcium 
chloride,  and  sodium  l)orate,  in  the  order  named.  Sometime^s  nearly 
all  these  salts  are  found  in  the  water  of  a  single  well,  while  in  other 
instances  but  one  or  two  may  appear. 

In  this  part  of  Oklahoma  springs  are  rather  rare  in  the  red  beds, 
and  the  greater  part  of  the  water  for  domestic  us(»  is  obtained  from 
wells.  Often  a  farmer  is  obliged  to  sink  half  a  dozen  wells  in 
order  to  find  one  in  which  the  water  is  both  sufficient  in  quantity  and 
suitable  in  quality  for  general  use.  In  certain  parts  of  the  region, 
notably  part  of  Woods  County,  the  water  is  often  so  salty  as  to  be 
unfit  for  drinking. 

Among  the  sandhills  north  of  the  rivers  the  conditions  are  differ- 
ent. Here  water  is  both  abundant  and  pure.  Springs  which  issue 
along  bluffs  and  wells  obtain  a  good  supply  of  excellent  water  at  mod- 
erate depths. 

GYPSUM    HILLS   REGION. 

The  Gypsum  Hills  region  includes  parts  of  Woods,  Blaine,  Caddo, 
and  Comanche  counties,  and  all  counties  west  of  these  except  Beaver 
and  parts  of  Woodward  and  Roger  Mills.  The  rocks  consist  of  the 
Woodward  formation,  the  Greer  gypsum,  and  the  Quartermaster 
formation.  It  will  be  remoinbored  that  the  Whitehorse,  the  middle 
member  of  the  Woodward  formation,  and  the  Quartermaster  are  both 
composed  of  sandstone.  With  these  excei)ti()iis  the  remainder  of  the 
rocks  here  consist  of  l)eds  of  gypsnin  interstratified  l)etw(H^n  red 
shales.  It  is  the  gypsum  that  gives  the  mineral  character  to  the 
water.  In  both  the  Blaine  and  (Jreer  gy j)sum  hills  the  water  of 
many  springs  is  so  strongly  impregnated  with  calcium  sulj)hate  as 
to  be  undrinkable.  Salt  si:)rings  are  not  uncommon,  six  of  the  seven 
known  salt  plains  in  Oklahoma  being  at  the  base  of  the  Gypsum 
Hills. 

In  wells  in  the  Gypsum  Hills  water  is  usually  reached  at  a  moderate 
depth,  ranging  all  the  way  from  10  to  150  feet.     It  usually  resembl 
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the  water  from  the  springs  in  the  same  region  and  contains  relatively 
large  amounts  of  gypsmn. 

Water  from  the  AVliitehorse  sandstone  is  usually  pure  and  \^hole- 
some.  Springs  are  not  uncommon  in  this  member  and  wells  usually 
obtain  a  good  supply  at  reasonable  depths. 

In  the  Quartermaster  formation  where  the  wat«r  is  usually  good 
the  rodcs  consist  largely  of  fine-grained  red  shaly  sandstone.  A 
>ery  peculiar  class  of  springs,  hQst  described  by  the  term  ^^seep 
springs,-'  is  found  here,  and  that  character  is  due  to  the  nature  of  the 
rock.  Usually  these  seep  springs  issue  from  the.  head  of  small  can- 
yons carved  in  the  red  sandstone,  and  l)old  springs  are  rarely  found  in 
this  region.  Seeps,  however,  are  common  and  one  not  infrequently 
comes  upon  a  basin  which  has  been  hollowed  out  in  the  soft  sand- 
stone and  is  kept  full  by  this  kind  of  flow.  Wells  in  the  Quarter- 
master usually  obtain  a  sufficient  supply  of  water  at  moderate  depths. 
Among  the  sand  hills  areas  north  of  the  various  streams  springs  and 
wells  are  connnon. 

HIGH   PLAINS   REGION. 

The  Tertiary  plains  of  Beaver,  Woodward,  Day,  and  Rogers  Mills 
counties  only  are  included  here,  although  in  fact  the  sand  hills  north 
of  the  various  streams  in  the  Territory  Iwlong  to  this  division  both  by 
reason  of  the  (luality  of  the  water  and  the  character  of  the  rock.  In 
the  High  Plains  good  water  is  obtained  almost  uniformly.  The  Ter- 
tiary rock  consists  chiefly  of  sand,  clay,  and  gravel,  and  as  the  sand 
and  gravel  beds  almost  invariably  contain  water,  wells  sunk  to  these 
beds  usually  secure  an  abundant  su])ply.  In  the  counties  mentioned 
above  the  wells  are  usually  deep,  often  as  much  as  300  feet  or  more, 
and  windmills  are  used  almost  exclusively  to  bring  water  to  the  sur- 
face, l)ut  the  sup])ly  is  certain.  In  PI.  XV  are  shown  typical  High 
Plains  windmills. 

In  many  places  where  a  stream  has  cut  through  the  Tertiary  into 
the  subjacent  red  beds  ex])osing  an  unconformity,  a  spring  issues,  the 
water  of  which  is  sweet  and  pure  like  the  well  water  on  the  high 
]>lains.  Some  of  the  best  water  in  Oklahoma  comes  frcmi  the  Ter- 
tiary sj)rings.  Many  a  ranch  and  farmhouse  and  even  some  towns, 
jis  for  instance  Cleo  and  Grand,  have  been  located  with  reference  to 
some  Tertiary  si)ring. 

DAKOTA  SANOSrONE  REGION. 

In  Kansas  and  Nebraska  the  Dakota  sandstone  is  famous  for  its 
s])rings,  but  in  the  Dakota  sandstone  of  western  IV»aver  Omnty 
springs  are  scarce,  and  so  far  as  notic<»d  by  the  writer  the  conditions 
in  other  parts  of  Oklahoma  and  Xew  Mexico  where  these  rocks  are 
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exposed  are  similar  to  those  in  Beaver  County.  However,  springs  i 
tlie  Dakota  beds  are  not  unknown  and  the  water  that  is  found  is  ( 
good  quality.  Few  wells  have  been  put  down  in  that  region  an 
consequently  data  for  wells  in  the  Dakota  in  Oklahoma  are  m 
available. 

STREAMS. 

None  of  the  important  rivers  of  Oklahoma  rise  in  the  Territor 
Two  out  of  the  seven — the  Arkansas  and  South  Canadian — rise  i 
the  Rocky  Mountains,  and  the  others  have  their  headwaters  on  tl 
High  Plains  of  Texa.s,  New  Mexico,  Colorado,  or  Kansas,  and  flo 
across  Oklahoma  in  a  general  southeast  course.  The  Salt  Fork  an 
Cimarron  empty  into  the  Arkansas  in  northeastern  Oklahoma;  tl 
North  and  South  Canadian  unite  before  joining  the  Arkansas  in  tl 
eastern  part  of  Indian  Territory,  and  the  Washita  joins  the  Re 
River  at  the  southern  line  of  the  Indian  Territory.  The  map  (F 
XVI)  shows  the  drainage  areas  of  the  rivers  which  flow  acroi 
Oklahoma. 

ARKANSAS   RH^R. 

Arkansas  River  flows  southeast  across  the  northeast  corner  c 
Oklahoma,  separating  the  Kaw  and  Osage  nations  from  the  remaindc 
of  the  Territory.  For  almost  its  entire  course  in  Oklahoma  it  wine 
through  a  rather  deep  and  narrow  valley  among  the  Flint  Hill 
where  it  is  characterized  by  sweeping  curves  and  bends.  In  man 
places  it  flows  at  the  foot  of  steep  limestone  bluffs,  wliile  the  who" 
region  is  cut  into  a  series  of  hills  and  hollows  by  a  number  of  sma 
creeks  tributary  to  it..  It  is  estimated  that  during  the  past  few  yeai 
the  supply  of  water  in  the  Arkansas  has  decreased,  owing  to  tl 
fact  that  so  much  is  taken  out  for  irrigation  purposes  near  the  hea 
of  the  river.  In  central  Kansas  there  seems  little  doubt  that  tl 
visible  supply  is  less  than  in  former  years.  Muc*h  of  the  water  i 
this  stream  in  Oklahoma  comes  from  tributaries,  such  as  Little  Arkai 
sas,  Ninnescah,  Walnut,  and  Grouse,  that  empty  below  Hutchinsoi 
Kans.  In  Kansas,  where  the  river  flows  in  a  broad  valley  in  tl: 
prairie,  it  has  a  considerable  underflow,  but  in  crossing  the  Flint  Hil 
this  underflow  is  forced  to  the  surface,  and  for  that  reason  the  chann< 
rarely  runs  dry.  Analyses  Nos.  Ill,  11-2,  11:^,  and  114  are  froi 
waters  of  the  Arkansas  or  the  smaller  tributaries. 

SALT   FORK. 

Salt  Fork  of  the  Arkansas  rises  in  southern  Comanche  Count; 
Kans.,  west  of  the  line  of  Gypsum  Hills,  enters  Oklahoma  in  nortl 
western  Woods  County,  and  flows  through  southern  Grant  and  Ka 
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counties  before  joining  Arkansas  River.     Its  total  length  is  appr 
inately  150  miles,  115  miles  of  this  distance  being  in  Oklahoma. 

Salt  Fork  receiver  a  numl)er  of  tributaries,  most  of  which  are 
by  springs  from  the  Tertiary.  The  greater  part  of  th^e  enter  f 
the  north,  and  two  of  them — Medicine  and  Cliikaskia  rivers — a 
as  much  water  as  dcx'ss  the  Salt  Fork  above  the  mouth  of  the  M 
cine.  Besides  the  two  large*  tributaries  just  mentioned  the  follow 
creeks  enter  from  the  north :  Mule,  Sand,  Crooked,  Roundpond,  « 
tonwood,  and  Bois  d'Arc,  and  from  the  south  Coldwater,  Clay, 
i^iiiul  creeks.  The.se  creeks  are  for  the  most  part  typical  pri 
streams,  with  shallow  valleys,  low  banks,  and  sand-filled  chani 
and  for  a  part  of  the  year  at  least  they  are  dry. 

In  eastern  Woods  County  the  Salt  Fork  flows  across  the  norti 
end  of  the  (ireat  Salt  Plain,  whicli  has  an  area  of  approximatel; 
square  miles.  It  is  10  miles  long  and  6  miles  wide,  irregularly 
in  shape,  level  as  a  flixw,  and,  except  after  a  rain,  as  white  as  a  s 
field.  The  water  of  the  river  mingles  with  the  saline  water  of 
plain  and  takes  on  a  distinctly  salty  taste;  so  much  so  that  at  cer 
times  of  the  year  stock  will  not  drink  it. 

Analysis  Xo.  80  is  of  water  taken  above  the  Woods  County  ; 
Plain;  Xos.  87  and  88  from  Ik»1ow  tlie  plain,  and  Nos.  89  anc 
from  small  streams  tributary  to  the  Salt  Fork. 

CIMARKON    RIVER. 

The  Cimarron  rises  among  the  volcanic  peaks  of  northeastern  ] 
Mexico  and  carries  a   small   volume  of  water  into  Oklahoma. 
New  Mexico  and  for  *U)  miles  into  Oklahoma  the  river  flows  i 
canyon  cut  throu*!:h  Dakota  sandstone  rocks  into  the  subjacent 
beds.     From  the  sandstone  issue  springs  which  supply  a  numlx'i 
intrnnittent  creeks,  Travessier,  Carriso,  Carrisoso,  Tequesquite, 
others  whic^h  flow  for  at  least  part  of  the  ye'dr.     The  channel  of 
Cimarron  in  this  [)art  of  its  course  is  not  more  than  20  feet  wide 
is  confined  often  by  mud  banks.     In  flowing  out  of  the  canyon  c 
the  Tertiary  ])lain,  »J0  miles  east  of  the  New  Mexico  line,  the  chara 
of  the  stream  begins  to  change;  the  channel  widens  and  fills  \ 
sand,  the  banks  beconu*  low,  and  from  this  point  to  its  moutl 
ordinary  stages  of  the  river  the  water  wanders  about  over  sandy  b 

At  irregular  intervals  along  this  river  water  sinks  in  the  s 
and  pass4»s  beneath  the  surface  for  a  numlx'r  of  miles.  For  insta 
from  the  old  post-office  of  Metcalf,  Okla.,  to  Point  of  Rocks,  Ka 
a  distance  of  25  miles,  the  channel  of  the  Cimarron  is  often  dry, 
at  Point  of  Hocks  the  water  comes  to  the  surface  at  Wagon  ] 
Springs,  a  famous  camp  on  the  old  Santa  Fe  trail,  and  the  chai 
is  usually   full  for  a  number  of  miles.     It  gradually  sinks  ag 
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bowever,  before  reaching  Oklahoma  the  second  time,  so  that  above 
the  mouth  of  Crooked  Creek  the  channel  is  often  dry.     This  creek, 
;  however,  is  {jereimial,  and  below  its  mouth  the  river  carries  water 
for  many  miles. 

Until  it  flows  across  the  Salt  Plains  in  northern  Woodi;^ard 
County  the  water  of  the  Cimarron  is,  pure  and  sweet,  being  derived 
largely  from  Tertiary  springs,  but  from  this  point  it  contains  so 
much  salt  that  stock  will  scarcely  drink  it.  Salt  springs  flowing 
from  the  base  of  the  Gypsum  Hills  give  rise  to  the  Little  Salt  Plains 
near  the  Kansas  line  and  the  Great  Salt  Plains,  shown  in  PI.  XX, 
10  miles  farther  downstream. 

The  drainage  basin  of  the  Cimarron  is  more  regular  in  outline  than 
that  of  any  other  Oklahoma  stream,  averaging  40  miles  or  more  in 
width  across  the  Territory,  and  the  stream  flows  approximately  equi- 
distant from  either  divide.  The  valley  is  from  100  to  300  feet 
lower  than  the  valley  of  North  Canadian  River,  which  parallels  the 
Cimarron  on  the  south.  Excluding  a  number  of  short  streams  in  the 
Gypsum  Hills,  the  principal  creeks  that  enter  the  Cimarron  from  the 
north  are  Eaglechief,  Indian,  Turkey^  and  Skeleton,  and  those  from 
the  south  are  Salt,  Kingfisher,  and  Cottonwood.  These  creeks,  which 
will  average  30  or  more  miles  in  length,  enter  the  river  at  an  acute 
an^le,  have  a  well-developed  radiate  drainage,  and  are  in  every  way 
normal  tributary  streams,  a  fact  rather  unusual  among  the  smaller 
creeks  of  Oklahoma. 

In  central  Oklahoma  the  channel  of  the  Cimarron  is  from  a  quarter 
to  a  half  mile  wide,  with  low  sandy  banks  and  a  relatively  small 
amount  of  water.     For  a  part  of  each  year  the  river  runs  dry,  but, 
like  all  other  streams  of  the  plains,  it  is  subject  to  sudden  and  rapid 
rix^s,  at  which  times  the  river  will  often  remain  bank-full  for  several 
days.    The  sand  partaken  of  the  nature  of  quicksand,  and  after  a  rise 
it  is  unsafe  to  attempt  to  cross  the  river.     Farther  east  the  river 
enters  the  sandstone-blufF  country  and  the  channel  is  often  narrowed, 
hilt  the  characteristic  sandy  condition  prevails  to  its  mouth.     Water 
analyses  Nos.  91  and  92  are  from  the  Cimarron  above  the  Salt  Plains, 
Xos.  03,  94,  95,  90,  97,  98,  and  99  from  below  the  Salt  Plains,  and  Nos. 
100,  101,  10-2,  103,  104,  105,  100,  107,  108,  109,  and  110  are  from  tribu- 
taries of  the  Cimarron. 

NORTH    (  ANADIAN    KIVER. 

Beaver  Creek  and  Wolf  Creek  unite  at  old  Fort  Supply,  in  central 
Woodward  County,  to  form  the  North  Caiuidian.  Wolf  Oeek  rises 
in  the  northern  part  of  the  Panhandle  of  Texas  and  flows  northeast 
into  Oklahoma,  while  Beaver  Creek  heads  in  northeastern  New  Mexico 
and*  flows  east  the  entire  length  of  Beaver  County  before  reaching 
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Woodward.  Botli  these  creeks  are  fed  largely  by  Tertiary  spring^ 
and  for  tliat  reason  are  practically  perennial  streams,  and  both  ar^ 
subject  to  rapid  rises  occasioned  by  local  stomis.  The  North  Cmm~ 
dian  has  no  large  tributaries.  With  the  exception  of  Indian  anc 
Pei-sinunon  cret»ks,  in  Woo<lward  County,  neither  of  which  exceed  ii^ 
miles  in  length,  there  are  few  tributaries  more  than  10  miles  lon^r. 

Throughout  its  entire  coursi>,  a  distance  of  approximately  200  miles 
the  Avidlli  of  the  drainage  basin  of  the  river  does  not  average  nior« 
than  15  miles,  and  in  places  the  distance  from  the  bed  of  the  North 
Canadian  across  the  divide  to  the  waters  of  the  Cimarron  is  not  more 
than  a  niil(».  This  is  the  case  at  Oklahoma  City  and  a  few  miles  east 
of  Elreno. 

The  North  Canadian  has  i>erhaps  the  best  water  of  any  of  the 
larger  streams  in  Oklahoma,  owing  chiefly  to  two  causes — ^first,  the 
river  is  fed  largely  by  Tertiary  springs;  and,  se<K)nd,  it  does  not  flow 
through  n»gions  of  salt  springs.  The  waters  of  Salt  Fork,  Cimarron, 
and  Red  rivers  are  salty,  and  the  South  Canadian  and  Washita  waters 
are  derived  largely  from  tlie  red  l>e<ls,  and  consequently  contain  both 
gypsum  and  salt.  The  water  of  the  North  Canadian,  on  the  other 
hand,  is  usually  soft  and  of  a  good  quality.  There  is  more  timlnn 
along  the  banks  of  this  stream,  the  fl(K)d  plain  is  moiif  uniform,  and 
in  general  it  appears  more  like  an  eastern  river  than  any  of  the  other? 
just  mentioned,  except  the  Washita.  Water  analyses  Nos.  115,  IKV 
117,  lis.  111),  liiO,  and  121  are  of  water  from  the  North  Canadian, 
and  Nos.  1±J,  lL>;i,  li>4,  l-Jf),  12r>.  li>7,  1l>8.  and  129  from  its  tributaries 

SOI  Tll    CANADIAN    RIVER. 

Tlu»  headwaters  of  the  South  Canadian  flow  from  the  snow-covered 
j)eaks  of  the  high  ranges  of  the  Rocky  Mountains  in  noirthern  New 
Mexico.  A  characteristic  view  along  its  u])per  ccmrse  is  shown  in 
PI.  XVIII,  /y.  In  that  territory  the  South  Canadian  drains  ap- 
j)roxinialely  iU),00()  square  miles,  having  a  drainage  area  of  150  by 
L'OO  mil(»s  in  the  northeastern  ]>art  of  the  Territory:  but  in  the  Pan- 
handle of  Texas  this  basin  narrows,  fumiel  shaj>ed.  until  by  the  tinu 
the  river  flows  into  Oklahoma,  in  Day  County,  the  distance  betw(H»n 
the  divides  north  and  south  of  the  river  does  not  exceed  25  miles. 
From  the  Texas  line  to  the  mouth  of  the  river,  a  distance  of  alxnit 
:U)()  miles,  the  width  of  the  drainage  basin  does  not  average  more  than 
'20  miles,  while  in  places  it  is  less  than  10  miles.  The  channel  of  tlu' 
river  is  sand  choked,  and  throughout  Oklahoma  averages  half  a  mile 
in  width,  the  banks  l)eing  low  and  sandy.  Its  channel  is  constantly 
shifting,  and  oxbow  IhmuIs  and  cut-otfs  are  common. 

The  South  Canadian  is  the  most  uncertain  and  treacherous  of  all 
Oklahoma  streams,  and,  with  the  exception  of  Arkansas  River,  the 
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yfi^  -  ^t:si  ^vrater  supply  is  derived  from  several  sources — partly 
^feo^  ^^11  and  springs  in  the  mountains,  partly  from  small  tribu- 
L^j^  s  )?^^  fed  by  Tertiary  springs,  and  partly,  of  course,  from  local 
1*0^^*  *^i«  river,  perhaps  more  than  any  other  on  the  plains,  is 

^^^^\aK  ^^^^^^  ^^^  rapid  rises.    The  channel  may  be  dry  from 
H^nlt,  when  suddenly,  without  warning,  a  wall  of  foaming 
U%1«  '   ^t'ul  feet  high,  carrying  all  sorts  of  debris,  will  rush  down- 
V*^\    Jp^^^t  speed,  filling  the  channel  bank-full.     For  several  days 
lii^^        ^^ill,  when  the  water  w411  gradually  recede  and  the  channel 
^wury  agixij^     The  possible  explanation  of  the  phenomenon  may  be 
m  11^  th^  f^^i  ^j^jj^  there  is  a  large  drainage  area  at  the  head  of 
Ithe  river,  \yy^^  ^j^^^  ^^  narrows  rapidly  downstream.     A  heavy  storm 
m  ato^t  any  one  of  the  head  tributarie^s  of  the  river  w^ould  cause  it 
[torise.ai\d  the  water  flowing  into  the  main  channel,  the  sand  of  which 
jjg  already  saturated,  would  cause  a  sudden  rise  all  along  the  river, 
fit  must  be  admitted  that  this  explanation  is  at  best  far  from  satis- 
jhctory,  and  until  the  data  from  a  number  of  gaging  stations  along 
flhis  river  have  been  obtained  and  the  results  studied  it  is  improbable 
I  that  we  shall  be  able  to  determine  all  the  causes  that  lead  to  this  very 
I  interesting  phenomenon. 

Water  analyses  Nos.  130,  131,  132,  and  133  show^  the  character  of 
I  the  water  from  various  points  of  South  Canadian  River. 

WASnrTA  RIVER. 

The  Washita  is  an  anomaly  among  streams  of  the  plains..  It  alone 
has  steep  mud  banks,  comparatively  little  sand  in  the  channel,  and 
hea\T  timber  on  the  bottom  lands.  To  account  for  thes(»  facts  it  is 
necessary  to  consider  briefly  the  nature  of  the  region  drained  by  the 
Washita.  It  alone  of  all  the  rivers  of  Oklahoma  flows  for  practically 
its  entire  course  through  red  lieds  rocks.  In  its  u])per  part  only  does 
the  river  drain  other  formations,  notably  areas  of  Tertiary. 

Rising  in  the  eastern  part  of  the  Panhandle  of  Texas  it  flows  across 
Ro^r  Mills,  Custer,  Washita,  and  Caddo  counties  before  entering 
Indian  Territory.  These  counties  are  included  in  the  Gypsum  Hills 
repon,  and  consequently  the  water  of  the  W^ashita  contains  an  appre- 
ciable percentage  of  mineral  salts.  The  red  clays  and  shales  along 
the  river  bank  are  easily  disintegrated,  making  the  Washita  the  mud- 
diest stream  of  Oklahoma.  It  enters  Indian  Territory  and,  after 
flowing  for  more  than  100  miles  across  the  red  beds,  passes  through 
a  gorge  which  it  has  cut  through  the  lower  Paleozoic  rocks  of  the 
Arbuckle  Mountains. 

RED  RIVER. 

Red  River,  which  forms  the  extreme  southern  boundary  of  Okla- 
homa, resembles  the  Cimarron  or  South  Canadian  in  having  a  broad 
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and  sjiikI}^  channel  and  an  intermittent  flow.  The  name  of  the  ri^^  \ 
is  derived  from  the  color  of  the  water,  and  the  red  color  is  deriv^^^ 
from  the  red  IxhIs  across  which  the  river  runs. 

In  Oklahoma  there  are  several  northern  tributaries  to  the  Re^* 
the  chief  of  which  are  Salt  Fork,  North  Fork,  and  Cache  Creef^' 
Of  these  North  Fork  and  Salt  F'ork  take  their  rise  on  the  high  plaia^ 
among  Tertiary  rocks  and  flow  southeast  across  the  (jypsum  Hills^ 
l)efor(»  joining  the  Red.     Elm  Creek,  which  is  tributary  to  the  Nortli' 
Fork,  drains  a  region  of  salt  springs.    This  combination  of  salt,  gyp- 
sum, and  other  mineral  salts  makes  the  water  rather  impure.    The 
valley  of  the  North  Fork  is  sliown  in  PI.  Ill,  B. 

Red  River  is  subject  to  sudden  and  rapid  rises,  as  are  the  Cimar- 
ron and  South  Canadian.  The  st(K^kmen  living  near  the  river  si)cak 
of  a  *'  7- foot  rise"  and  a  "  10-foot  rise"  as  a  not  uncommon  occur- 
rence. This  river,  however,  rarely  runs  dry,  as  do  those  farther  north. 
Besides  the  Arkansas  the  Red  is  the  only  Oklahoma  stream  that 
empties  directly  into  the  Mississippi. 

STREAM    MEASl'REMENTS. 

There  are  few  data  regarding  the  discharge  of  Oklahoma  streams, 
for  only  within  th(^  past  two  years  have  gaging  stations  lHH»n  estab- 
lished in  Oklahoma.  During  the  year  1901^  stations  were  maintained 
on  thr  following  streams:  Salt  Fork,  at  Alva  and  Tonkawa;  Cimar- 
ron, at  Waynoka;  North  Canadian,  at  Elreno  and  W(K)dward; 
Washita,  at  Anadarko  and  Chickasha,  Ind.  T. ;  North  Fork  of  Red 
River,  at  (iranite:  and  Otter  Creek,  at  Mountain  Park.  These  sta- 
tions, with  two  excej)tions,  were  established  in  1908,  and  as  yet  the 
HM'onls  are  in  an  inc()m])lete  state,  but  they  will  Iw  fcunid  in  Prog- 
ress Report  of  Stream  Measurements  for  the  year  1903." 

8PIUXGS. 

Springs  can  best  1h»  classified  with  regard  to  the  character  of  the 
water.  Following  this  ])lan  the  springs  of  Oklahonui  naturally  are 
divided  into  three  groups — fresh-water  springs,  salt  springs,  and 
sul])hur  springs.  Under  the  first  are  grouped  all  the  springs  of  the 
Territory  exce])t  those  in  which  the  water  is  iMther  noticeably  salty  or 
contains  an  appreciable*  amount  of  sulphur.  The  term  "'  fresh  water,**' 
as  used  in  this  connection,  does  not  necessarily  ini|)ly  the  absence  of 
mineral  salts,  for  the  water  from  many  of  the  springs  descrilH»d  is 
hard,  containing  often  a  large  |)ercentage  of  lime,  gypsum,  or  other 
mineral  salt.  These  fresh-water  springs  are  found  in  all  parts  of 
Oklahoma  and  form  a  great  proportion  of  the  whole  numlK»r.     Salt 
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rings,  on  the  other  hand,  are  found  in  but  few  localities  and  usually 
peculiar  stratigraphic  conditions.     Sulphur  springs  are  even 
Ittore  rare,  occurring  only  in  the  Wichita  Mountain  region. 

'^    ^  -M  FRESH- WATER  SPRINGS. 

'u  £]■   In  the  Wichita   Mountains    there    are   two    principal    kinds    of 
^  3  y,^pprings-~those  from  the  crystalline  rocks  and  those  from  the  lime- 
ne.    In  eastern  Oklahoma  there  are  limestone  springs  and  sand- 
ne  springs,  and  in  the  low  plains  there  are  red  lx*ds  springs, 
ddes  these  there  are  gypsimi  springs.  Tertiary  s{)rings,  and  river 
Iforace,  or  alluvial  springs.     These  will  lx»  discussed   in  the  order 
[iren.    PI.  I  gives  the  location  of  such  springs  in  Oklahoma  as  are  at 
|the  present  time  known  to  exist. 

WICHITA    MOUNTAIN    SPlUNCiS. 

The  Wichita  Mountain  region,  as  a  whole,  is  well  watered.  A 
Imimljer  of  lx)ld  springs  flow  either  directly  from  fissures  in  the  por- 
[|iiyr}-  or  granite  or  issue  along  dikes,  or,  j)erhaps,  at  the  point  of 
[contact  lx?tween  igneous  and  sedimentary  rocks.  Blue  Beaver 
ISprings,  Talahina  Springs  at  Cutthroat  Gap,  springs  near  Saddle 
iMountain,  Mount  Scott,  and  Moimt  Sheridan  that  feed  M(»dicino 
IBIuff  Creek,  and  numerous  springs  that  supply  Otter,  Cache,  and 
[other  creeks  that  flow  south  through  the  mountains  are  of  this  char- 
Itcter.  In  addition  to  these  there  are  great  numlwrs  of  n»latively 
weak  springs  that  issue  from  small  fissures  in  granite  or  gabbro  rocks 
I  ind  flow  during  wet  weather. 

Tlie  water  from  these  springs  from  the  crystalline  rocks  is  notably 
fresh  and  pure,  in  the  main  the  purest  water  of  the  Territory,  chem- 
iod  analysis  revealing  a  very  small  percentage  of  solid  residue. 

IJMESTONK    SI»HIN(JS. 

Under  this  heading  will  lx»  described  not  only  the  springs  issuing 
from  the  Arbuckle  limestone  hills  in  the  Wichita  Mountains,  but 
ilso  those  that  flow  from  the  conglomerate  that  surrounds  these 
hills,  and  the  limestone  springs  in  eastern  Oklahoma,  chiedy  n<u-th  of 
Arkansas  River. 

The  springs  flowing  from  the  conglomerate  hills  north  of  the 
main  range  of  the  Wichita  Mountains  are  pr()l)al)Iy  the  largest  of 
any  in  the  whole  region.  The  distribution  of  the  eonglonierale  is 
rery  irregular;  it  fills  th(»  old  valleys  and  in  some  places  extends 
lieyoml,  covering  tracts  of  counlry  several  miles  in  area  to  a  (h»pth 
of  sometimes  as  much  as  (U)  feet.  The  formation  is  very  j)()rous  and 
most  of  the  rain  which  falls  on  it  is  absorbed,  so  that  the  supply  of 
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iindor^roiind  wjitor  during  wot  seasons  is  large,  and  springs  ofte'^n 
How  as  nmcli  as  a  cubic  f(H)t  of  water  a  second.  The  areal  extent  o  'M. 
(lie  formation  is  so  limited,  however,  that  after  a  few  months  o  "^ 
drought  tlie  tlow  from  the  s])rings  either  decreases  materially  or  ma3^ 
even  cease  entirely.  None  of  the  springs  arc*  badly  choked  witM^M. 
sand,  so  their  flow  is  not  retarded  in  this  way. 

Most  of  the  limestcme  si)rings  of  the  iTgion  do  not  dilTer  greatly 
in  this  respect  from  the  conglomerate  springs.  They  ai-e  often  a-S 
strong  as  the  former,  and  like  them  they  usually  go  dry  or  run  very 
low  during  dry  seasons,  particularly  in  the  later  sunnner  months- 
The  hills  from  which  thesi*  springs  get  their  supply  of  water  con- 
sist of  tilted  ledges  standing  almost  on  edge,  which  naturally  fonn 
a  good  reservoir,  but  these*  hills  aiv  so  limited  in  size  that  where  the 
wat(»r  is  fr<»e  to  escape  it  soon  leaves  the  rock  dry.  \Vliere  banks  o^ 
sand  and  alluvium  surround  the  base  of  these  hills  the  Avater  is  ro-- 
tarded  in  its  escape,  and  under  this  condition  there  is  a  constant  flo^ 
without  much  fluctuation.  Next  to  the  alluvial  springs,  which  will 
be  discussed  below  (p.  1)9),  the  limestone  springs  are  more  widely^ 
distribut<'(l  throughout  the  region  than  any  others. 

The  water  from  both  conglonu»rate  and  limestone  springs  contain^ 
a  c<'rtain  amount  of  mineral  salts,  chiefly  calcium  carbonate,  but  non^ 
in  ({uantitics  that  render  it  object i(mable.  These  springs  are  among' 
the  mo^t  important  in  the  Territory. 

l^inH»s(oiu'  springs  in  eastern  Oklahoma  are  confined  to  the  Osage 
Nation  an<l  Kay  and  Pawnee  counties,  where  they  occur  along  many 
of  the  ( r(M»ks.  They  usually  conn*  from  a  ledge  of  limestone  which 
immediately  overlies  a  stratum  of  clay  or  shale,  although  sometimes 
they  may  b<*  found  flowing  from  a  porous  rock  lying  above  a  more 
imixu'vions  limestone,  the  largest  springs  of  the  region  appearing 
under  the  latter  conditions.  The  springs  of  this  part  of  the  Terri- 
tory are  neitlu^r  large  nor  V(Ty  nunn^rous,  the  flow  being  limited  by 
the  imi)ervi()us  charact<'r  of  the  rock  as  well  as  by  the  fact  that  the 
water-bearing  b<»ds  are  not  of  suflicient  extent  to  supply  a  strong 
stream  of  water. 

Th(»  s|)i*ings  which  flow-  from  the  harder  ledges  of  limestone  gener- 
ally are  unimportant,  being  mere  see])s,  often  too  weak  to  1h»  utilized 
even  for  watei-ing  stock.  Farmers  owning  such  seeps  sometimes  dig 
cisterns  in  tlu*  clay  just  under  the  i)oint  where  the  water  ap{)ears, 
and  by  so  doing  manage  to  s(»cure  a  supply  of  water  for  domestic 
purposes.  Some  of  the  ledges  of  lim<»stone  are  more  porous  than, 
others,  and  these  porous  or  shatt<»r(Ml  ledges  furnish  an  abundance  of 
spring  water  where  the  overlying  strata  i)ermit  i)ercolation.  A  (con- 
dition of  this  kind  in  eastern  Kay  County  yields  several  good  s|)rings, 
one  particularly  on  Deer  Creek,  northeast  of  Newkirk,  which  issues 
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just  over  a  ledge  of  compact  limestone.    This  is  the  largest  spring  of 
this  character  known,  and  its  flow  averages  about  0.5  second-foot. 

SANDSTONE   SPRINGS. 

In  eastern  Oklahoma  the  whole  region  from  Payne  County  south- 
ward is  crossed  by  a  number  of  alternating  ledges  of  sandstone  and 
diy.  ana  in  many  places  Avhere  a  draw  or  creek  cuts  one  of  these 
strata  a  spring  is  found.     In  the  northern  counties  the  flow  is  usually 
free  and  uninterrupted,  but  farther  to  the  south  there  is  often  a 
superficial  covering  of  sand,  deriA^ed  from  disintegration  of  rocks  in 
I  place,  through  which  the  water  flows,  and  eventually  reaches  the 
nnderflow  in  the  sand-choked  l)ed  of  some  stream  without  api)earing 
It  the  surface.     In  the  southern  counties,  where  this  condition  often 
occurs,  there  are  fewest  springs,  but  to  olTset  this  plenty  of  well 
water  can   be   obtained   at   a   short   distance   beneath   the   surface. 
In  wet  weather  springs  often  appear  for  a   few  weeks  in   places 
where  this  blanket  of  sand  on  a  hillside   is   not  deep  enough  to 
carry  off  the  flow  of  the  buried  spring  in  addition  to  the  extra  rain 
water  which  is  moving  down  the  slope,  but  the  stream  supplied  by 
such  a  spring  usually  sinks  before  it  goes  far.     The  flow  from  most  of 
the  springs  of  this  region  is  very  limited.     This  is  due  to  probably 
two  principal   reasons:  First,  the  country   is  so  cut  up  by   small 
streams  that  the  area  of  water  tables  is  limited ;  and  second,  the  rate 
of  flow  through  sandstone  is  so  slow  that  no  large  quantities  of  water 
can  be  delivered  at  the  spring  under  the  slight  hydrostatic  pressure 
in  such  small  areas.    Many  small   hills  often   have  a   half-dozen 
springs  on  their  slopes.     The  upper  ledge  of  sandstone  usually  fur- 
nishes the  main  flow,  although  a  hill  which  contains  a  number  of 
alternating  strata  often  has  seeps  coming  from  all  the  sandstone 
formations.     Few,  if  any,  of  the  springs  of  this  country  will  flow 
over  0.5  second-foot;  but  as  a  whole  the  region  is  well  watered. 

RED   BEDS   SPRINGS. 

Most  of  the  red  rocks  of  the  IjOw  Plains  region  belong  to  the  Enid 
formation  and  consist  of  shales  and  clays,  with  occasional  ledges  of 
sandstone.  While  springs  occur  in  all  the  rocks,  they  are  by  no  niv^aus 
abundant,  the  unbroken  topography  not  being  suitable  for  their  devel- 
opment and  the  roc*k  not  b<Mng  sufficieiUly  perinoablo.  The  clay, 
however,  is  often  a  kind  of  joint  clay  and  the  water  {)ass<»s  through 
its  seams  to  a  limited  <»xteiit  in  veins.  Where  springs  occur  in  the 
shale  and  clay  of  this  part  of  the  red  beds  they  often  are  large.  Two 
causes  may  be  assigned  for  this.  In  the  first  place,  the  water  beds, 
although  with  a  small  capacity  for  holding  water,  are  of  wide  extent, 
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Ill  the  sc^coiul  place,  the  clay  of  the  region  yields  readily  to  the  action 
of  running  wat(»r,  and  when  onw  a  small  vein  is  cut  it  soon  becomes 
enhirged  and  joins  with  others  in  its  vicinity,  thus  producing  a  lx)ld 
spring. 

The  (juality  of  the  water  of  these  springs  is  A'ariable,  some  of  them 
yielding  soft  and  palatable  water,  while  othei-s  are  heavily  charged 
with  sul|)hur  an<l  gypsum.  The  conditions  wliich  bring  about  these 
di  tferent  characterist ics  are  l(K*al.  Bois  d 'Arc  Springs,  in  Kay  County, 
are  charged  with  gypsum,  while  not  far  fi'om  these  are  Willow 
Springs,  the  water  of  which  is  almost  soft.  Timberlake  Springs,  in 
Woods  C\)unty,  on  the  western  Inirder  of  the  plains,  flow  soft  water, 
while  a  number  of  springs  not  far  east  of  them  contain  gypsum.  The 
springs  (lowing  from  the  sandstone  of  the  region  resemble  those  com- 
ing from  the  same  kind  of  formations  in  the  eastern  part  of  the 
Territory,  excej)t  that  they  are  never  choked  Avith  sand. 

OYPSIM    Sl'RINiJS. 

In  the  (Jypsum  Hills  ivgion,  in  the  western  part  of  the  Territory, 
mv  numbers  of  springs  in  which  the  water  is  strongly  impregnated 
with  calcium  sulphate,  which  are  cons^Hpiently  known  as  "gypsum 
springs,''  or  more  i)opularly  as"' gyp  springs."  The  greater  part  of  the 
springs  of  this  kind  issue  from  directly  Uuieath  heavy  ledges  of  gyp- 
sum, and  in  many  cases  are  due  to  undergi'ound  streams.  The  Gyp- 
sum Hills  country  is  full  of  sink  holes  and  caves,  most  of  v;hich 
contain  underground  streams.  Such  caves  and  sink  holes  as  are 
shown  in  V\,  XI  and  tig.  0  are  abundant. 

Gypsum  s])rings  such  as  those  just  described  are  particularly  com- 
m<m  in  Hlaine.  Woodward,  Washita,  and  (ireer  counties,  where  the 
Gy])suni  Hills  have  their  most  conspicuous  development.  Some  of 
them  are  strong,  flowing  a^  much  as  5  scrond-feet. 

TKKTIAIIV    SI»KIN(;s. 

springs  occur  in  tli(»  sand  hills  north  of  th(»  rivers  from  the  western 
line  of  the  territory  as  far  east  as  the  (»astern  limit  of  the  IjOW  Plains, 
as  well  as  in  the  High  Plains  region  of  Heav<'r,  Woodward,  and  Day 
counties.  In  the  western  ])art  of  the  High  Plains  regi<m  they  flow  out 
near  the  rivers  on  both  sides  of  the  stream,  but  farther  eastward  they 
ai)pejir  chietly  along  the  divides  of  the  rivers.  Hefore  reaching  the 
Gypsum  Hills.  th<»  Sau<l  Hills  formation,  froui  which  they  flow,  dis- 
appears along  tlu'  south  sides  of  the  rivers,  but  continues,  usually  in 
the  form  of  a  h<'avy  row  of  wind-blown  sand  hills,  on  the  north  sides. 
Thes(»  hills,  as  well  as  the  springs  ilowing  from  them,  extcMid  eastward 
across  the  Low  Plains  country  and  gradually  grow  smaller,  finally 
disappearing  in  the  eastern  part  of  the  Territory. 
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The  springs  in  these  hills  as  far  west  as  the  High  Plains  almost 
always  issue  along  the  lines  of  unconformities  l^etween  the  Tertiary 
deposit  alx)ve  and  the  red  beds  l)eneath.  usually  where  a  creek  has 
cut  through  the  sand  into  the  red  clay  and  shale  below,  thus  exposing 
Hie  water  plane,  as  shown  in  fig.  '29.  In  some  places  the  water  flows 
out  along  a  bank  f(U'  a  distance  of  seA^eral  hundred  yards,  as  in  the 
«i.se  of  Cleo  Springs  in  Woods  County;  in  other  cases  it  issues  as  a 
single  \x>\d  stream — for  instance,  in  Bents  Canyon  in  northern  Wood- 
irard  County.  In  many  cases  thesi*  springs  boil  up  from  the  sand, 
and  are  often  called  lx)iling  springs.  Springs  of  this  kind  are,  in 
fact,  artesian  in  character,  and  will  often  raist*  the  water  to  a  height 
of  ?^»veral  feet  if  confined.  In  PI.  XIX  Tertiary  springs  and  char- 
acteristic contiguous  topography  are  shown. 


Fit,.  J5I.  —  ld«»al  »ei»tion  of  Tcrthiry  sprinKK.     -1.  Jh  Tortlnry  sprinpt ;  C,  F,  wells  In  red 

beds :  E,  well   In  Tertiary. 

It  can  Ik?  said  almost  without  exception  that  all  Tertiary  springs 
jield  relatively  strong  flows.  The  material  from  which  the  water 
com(*s  and  through  which  it  circulates  is  so  coarsi*  that  the  flow  is 
fci^  imjXHled  than  in  the  case  of  any  other  class  of  springs  of  the  Ter- 
ritor>%  unless,  indeed,  it  be  the  springs  flowing  from  the  conglomerate 
in  the  Wichita  Mountains.  An  imniensi*  amount  of  water  is  allowed 
to  go  to  waste  every  year  by  not  utilizing  these  springs.  In  some 
instances  the  owners  are  using  them  for  irrigation  i)urposes,  but  as 
a  «ni*neral  rule  little  attention  is  paid  to  their  economic  value.  The 
riiy  of  Alva  uses  water  from  a  T<»rtiarv  spring.  It  is  carried  by 
fTTdvity  through  pipes  a  distance  of  2  miles  to  a  cistern  and  is  then 
distributed  to  the  different  pipe  liiu»s  of  th(»  city  by  i)umps.  Th(»  sup- 
ply is  more  than  adequate.  None  of  the  Tertiary  springs  have  been 
known  to  go  dry  during  the  (h'oughts  which  are  common  to  the  region 
in  which  they  occur.  They  sometimes  diminish  in  How,  but  this  is 
ran»ly  ever  the  case.  The  water  of  the  Tertiary  sj)rings  is  almost 
without  exception  soft  and  [)alatable. 

ALU  VIAL    SPRIX(;S. 

Springs  of  this  kind  occur  along  the  rivers  in  all  parts  of  the 
Tf^rritory,  but  are  most  common  in  tin*  Wichita  Mountains  and 
ilong  Arkansas  River.  The  alluvial  springs  of  the  Wichita  Moun- 
tains are   found   along  the  banks  of  every   stream  of  the  region, 
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issuing  just  alK)ve  tho  surface  of  the  water  or  flowing  out  onto  tl"*^ 
low  bottom  lands.  Nearly  every  piec^x  of  low  land  has  at  least  orB.^ 
spring  flowing  from  it.  They  are  rarely  strong.  The  flow  usually 
comes  from  the  bas<»  of  the  deposit  and  trickles  out  for  several  rod  - 
along  the  hank,  or  else  it  issues  fn)ni  a  single  outlet.  These  sprin^^ 
furnish  a  largi»  amount  of  water  to  the  creeks,  and  altogether  the^ 
])rol)ably  do  moi*e  than  their  share  toward  supplying  the  running 
water  of  the  n»gion.  On  account  of  their  nimiber  and  distribution^ 
they  are  probably  of  more  economic  value  than  the  other  springs  (^  ^ 
the  momitains,  but  at  the  same  time  are  less  conspicuous. 

Along  Arkansas  River  in  Oklahoma  these  springs  fi-om  termed 
deposits  usually  aiv  largi»,  although  in  many  cases  they  do  not  flo^^''" 
out  in  a  bold  stream,  but  hundreds  of  small  seeps  come  out  along  ^ 
bank  for  st*v(»ral  hundi*ed  yards  and  the  aggivgate  is  a  large  strealt:^ 
of  water.  In  the  Wichita  Mountain  i'(^gion  these  springs  ap[>ear  near:^ 
tli(»  pres<»nt  cn»ek  IhkIs,  but  along  Arkansas  River  they  usually  flow^ 
from  terrace  deposits  which  are  now  many  fwt  al>ove  the  river' 
channel.  Thc^si*  deposits  are  raivly  over  half  a  mile  wide  and  seldom 
more  than  'M)  fwt  deep.  The  springs  flowing  from  them  seldom  go 
dry  and  tuv  rarely  ever  affected  by  drought. 

SALT  SPRINGS  AND  PLAINS. 

AA'ells  and  sj)rings,  the  water  of  which  contanis  an  appiwiable 
amount  of  common  salt  (sodium  chhu'ide),  are  found  not  only 
throughout  the  whI  bc<l>,  but  also  in  the  Pennsylvanian  rocks,  and  in 
c(»rtain  regions  th(»  water  from  the  springs  is  of  such  noteworthy 
salinity  as  to  warrant  the  popular  phras(»  '*  salt  spring''  or  "salt 
plain."  L(»aving  out  of  account  the  regions  in  eastern  Oklahoma  in 
which  the  water  is  l)ut  slightly  salty,  it  is  proposed  to  describe  the 
localities.  ])articularly  in  the  western  part  of  the  Territon',  in  which 
salt  springs  and  salt  plains  are  conunon. 

There  are  two  salt  i)lains  in  Woodward  and  (ireer  counties  and 
one  each  in  Woods.  Blaine,  anil  Roger  Mills  counties.  These  plains 
hav<»  a  wide  geograj^hical  distribution  and  vary  greatly  Iwth  in  size 
and  amount  of  flow.  While  all  the  salt  sj)rings  come  from  Permian 
red  beds,  tli<\v  do  not  issue  from  the  same  geologic  horizon.  The 
Woods  County  ])lain  is  located  a  little  more  than  halfway  up  the 
Knid  formation  of  the  red  In^ds,  th<»  Woo<lward  and  Blaine  t^unty 
])lains  arc  supplied  by  springs  that  issue  near  the  top  of  the  Enid, 
not  far  below  heavy  gypsum  memlwiN  of  the  Blaine  formation,  and 
the  Rog<'r  Mills  and  (ireer  <-ounty  plains  are  found  either  near  the 
base  of  the  (fr<»<M-  formation,  or,  in  s<mie  instances,  sj)rings  ani  known 
to  issue  lH»tween  gypsum  ledges  which  are  memlMTs  of  the  (Jreer. 
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WrX)08   (XHTNTY.  .PLAIN. 


This  is  the  largest  of  all  the  Oklahoma  f^aJt/Plaiiis  aijd^  also  the 
[  only  one  that  contains  no  lar^e  salt  springs.     It  is  lo«ait^'^fefc''soCith- 
cf  the  Salt  Fork  of  the  Arkansas  in  the  eastern  part  of  Woods'CoiifitxV 
about  35  miles  from  the  nearest  point  of  the  gypsum  hills,  and 
includes  an  area  of  approximately  60  square  miles,  extending  about 
W  miles  north  and  south  and  6  miles  east  and  west.     The  plain  is  as 
level  as  a  floor,  and  on  ordinary  occasions  as  white  as  a  snow  field, 
from  the  incrustation  of  salt  crystals  which  cover  it.     It  is  absolutely 
larren  of  vegetation,  with  only  here  and  there  a  scattered  bit  of  drift- 
wood to  brenk  the  monotony. 

The  origin  of  the  salt  on  this  plain  is  somewhat  obscure.  About  the 
margin  of  the  plain  are  a  few  weak  salt  springs,  but  they  rarely  fur- 
nish sufficient  water  to  form  a  running  stream.  On  digging  a  hole 
a  few  feet  deep  in  any  part  of  the  ])Iain,  however,  salt  water  begins 
to  run  in,  and  in  ten  minutes  the  hole  will  fill  up  to  a  point  within  f) 
inches  of  the  top.  The  plain  is  composed  of  loose  reddish-brown 
sand  and  clay,  which  is  apparently  everywhere  saturated  with  salt 
Hater.  The  surface  evaporation  of  this  water  gives  rise  to  the  white 
Silt  incrustations  which  render  the  surface  of  the  plain  white,  except 
after  a  rain  which  has  dissolved  the  salt  crystals.  To  the  writer  the 
only  plausible  explanation  of  the  origin  of  the  salt  water  is  to  suppose 
that  it  comes  from  a  large  number  of  small  springs  which  issue  from 
the  re<l  beds  at  the  bottom  of  the  plain.  There  is  no  way  of  esti- 
mating the  amount  of  flow  from  this  plain,  but  total  volume  of  water 
is  many  second-feet. 

WOODAVARI)    COl'NTY    IT^INS. 

In  Woodward  County  there  are  two  salt  plains,  both  located  in  the 
valley  of  the  Cimarron  and  fed  by  s[)rings  which  issue  from  red  shales 
V)  to  100  feet  below  the  Medicine  I^odge  gypsum.  I^ocally  these 
plains  are  known  as  Big  Salt  Plain  and  Little  Salt  Plain,  the  latter 
being  just  south  of  the  Kansas  line,  where  the  Cimarron  River  first 
breaks  through  the  line  of  g>^psuni  hills. 

The  Big  Salt  Plain  is  located  \2  to  *i()  miles  farther  down  the 
(imarron,  extending  for  8  miles  or  more  along  the  river.  In  width 
ii  varies  from  half  a  mile  to  2  miles.  On  the  south  bank  the  bluffs 
of  red  shale  and  sandstone  capped  with  gypsum  rise  directly  from  the 
edge  of  the  plain  to  a  height  of  100  fwt  or  more,  as  s.iown  in  PI.  XX. 
North  of  the  plain  these  hills  are  not  so  steep  and  are  at  a  distance 
of  half  a  mile  or  more  from  the  plain,  but  even  here  the  sinuous  white 
line  of  gypsum  may  be  traced  along  the  tops  of  the  bluffs  as  far  as  the 
eve  can  reach.     In  other  words,  the  plain  lies  in  a  broad  canyon  of 
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,   • "    • 
tlie  Cimarron,  inclos<»(l  an  li()th:sirii»,sM)y  .fi;ypsuin-capped  red  sha ' 

hills.  .     '     V";  V".    ' 

T\w.  i)Uih\  is'  ilui.  i»N:cppT' for  «  fow  lueaiulering  channels  which  i 
wot  wentJjt^r  colitaiii  small  stivams  of  water,  but  are  orclinarily  ilrj 
Aft-i»r  a  rain  sometimes  a  stivam  of  considerable  volume  flows  doi\' 
the  channel  across  the  ])lain,  hut  during  the  summer  months  neurl 
all  the  water  either  eva])oi*ates  or  sinks  into  the  sand.  In  plai'^ 
where  a  small  stivam  still  runs  down  the  channel  the  water  is  ofte 
so  salty  that  a  thin  crust  of  crystal  white  salt,  resembling  a  sheet  c 
i(v,  forms  on  the  surface  of  the  stivani.  The  entire  plain  is  covere 
with  a  thin  incrustation  of  snow-white  ci-ystals,  which  in  most  placi 
d(X>s  not  ex(reed  an  eighth  of  an  inch  in  thickness,  but  which  reflect 
the  sunlight  like  a  snow  field. 

In  a  lar^»  cove  anuin^  th(»  ^'psum-covered  red  hills  on  the  sout 
side  of  the  ])lains  proper  aiv  a  nunil>er  of  salt  springs,  which  boil  ii 
from  the  flat  surface  of  the  plain.  The  water  is  crystal  clear,  and 
sometimt»s  requires  nioiv  than  ocnilar  proof  to  convince  oncithat  it  coi 
tains  nearly  TiO  \)ov  cx»nt  of  sjilt.  There  aiv  scoivs,  |K'rhaps  hundiXMl 
of  these  springs  on  an  ai-ea  of  but  a  few  acii's,  some  of  which  flo 
stivams  as  lar^»  as  a  numV  arm;  otheis  ai*e  much  weaker.  In  a 
casi»s  the  i)resi»uce  of  a  spring  is  uiarked  by  a  conspicuous  whi 
incriistalion  of  salt,  which  forms  around  the  spring  and  along  tl 
sides  of  the  little  streaui  that  flows  from  it.  Particles  of  giiiss  < 
weeds  blown  into  these  springs  or  streams  soon  become  coveiv<l  wil 
white  salt  crystals,  forming  strings  of  them  which  are  often  an  inc 
or  more  in  diametei'  and  look  like  rock  candy.  In  plac*es  the  incrust  j 
tions  around  the  springs  are  so  thick  that  the  salt  may  be  sctbikmI  i^ 
and  hauled  away.  Beds  of  rock  salt  mv  iv|>orted  from  this  plai 
hut  hav(»  never  been  s(»en  by  the  writer.  The  (M)nibined  flow  of  tl 
various  s|)rings  which  f<HMl  the  plain  will  approximate  perhaps  '2  or 
second -feet. 

lU.AINK    CorNTV    PLAIN. 

H(»sides  the  two  plains  of  the  Cinuirron,  just  described,  the  Sa 
Creciv  i)lain,  in  nortli<'rn  Hlaine  County,  is  also  fed  by  springs  whir 
issue  from  i)elow  the  gvp^um  ledges,  and,  like  the  others,  it  is  locates 
in  a  cany(»n  at  the  foot  of  the  Hlainc  (lypsum  Hills.  This  plain  i 
nuK'h  smalh'r  than  the  Big  Salt  Plain  just  descTibed;  its  widt 
is  not  more  than  a  (puirter  of  a  mile  in  the  widest  place,  and  for  th 
greatei-  part  of  its  course  is  not  more  than  100  yards,  Avith  a  lengt! 
of  perlia])s  l\  miles. 

The  region  of  Salt  Creek  is  one  of  the  most  picturesque  spots  i 
Oklahoma.  The*  upland  is  covered  with  jack  oak  and  the  capjnng  o 
Tertiary  sands  breaks  oti'  al)ru])tly  into  i)recipitous  cliffs  and  canyon 
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200  or  more  feet  deep,  the  slopes  of  which  are  composed  of  the  brick- 
mi  shales  of  the  upjjer  part  of  the  P^iiid  formation,  capped  by  mas- 
sive white  gypsum  ledges  of  the  Blaine  formation.     (See  Pis.  VII,  B^ 
and  IX.)     Numerous  narrow  canyons  with  cedar-covered  slopes  radi- 
ate outward  from  the  head  of  Salt  Creek,  a  tributary  of  the  Cimarron. 
In  the  head  of  the  main  Salt  Creek  canyon  are  the  springs  which 
supply  the  plains.     A  ledge  of  red  and  blue  mottled  cross-bedded 
sandstone  outcrops  along  the  heads  of  several  branches  of  the  main 
canyon,  and  from  it  issue  the  springs,  the  waters  of  w4iich  form  a 
small  creek.     Along  the  bottom   of  the  canyon   salt   incrustations, 
formed  by  evaporation,  cover  a  narrow  strip  of  100  yards  or  more  of 
the  sandy  level.     A  mile  below  the  springs  the  canyon  wi<lens,  the 
creek  leaves  the  wall  of  hills  and  enters  the  flat  country,  the  salt  plain 
spreads  out  to  become  in  one  place  as  much  as  a  quarter  of  a  mile 
wide.    A  mile  or  so  farther  downstream  it  is  joined  by  creeks  which 
do  not  carry  salt  water,  and  it  soon  loses  its  individuality. 

From  the  standpoint  of  economic  importance  the  Salt  Creek  plain 
bids  fair  to  exceed  all  others  in  the  Territory,  as  it  is  nearer  to  the  coal 
fields  of  the  Indian  Territory,  as  well  as  near  to  market.  A  number 
of  primitive  salt  plants  have  at  times  been  located  along  the  edge  of 
the  plain.  The  methods  employed  in  securing  the  salt  are  extremely 
simple.  A  well  is  dug  in  the  sand  of  the  plain  and  the  water  pumped 
by  hand  into  vats  and  evaporated  by  boiling.  Fuel,  chiefly  cedar  and 
oak,  was  formerly  obtained  from  the  canyons  near  by.  It  is  stated 
that  three  buckets  of  brine  will  make  one  bucket  of  salt.  The 
capacity  of  one  of  these  plants  is  approximately  2,000  pounds  per  day. 
The  salt  is  hauled  in  wagons  to  supply  local  trade,  and  the  demand 
is  said  to  have  exceeded  the  supply  for  a  number  of  years. 

The  Oklahoma  Salt  Company  has  erected  a  plant  with  a  capacity 
of  450  barrels  per  twenty-four  hours  at  Fet^uson,  Okla.,  the  nearest 
railroad  point  to  the  plain.  The  brine  is  obtained  from  ojkmi  and 
drilled  wells  and  is  carried  21  miles  in  a  2J-inch  wrought-iron  pipe. 
Steam  will  Iw  employed  to  opi^ratc  rakes,  elevators,  conveyors,  etc. 
Pans  are  of  cement  12  by  150  feet  and  20  inches  deep. 

ROr.KH    MILLS    COITNTV    PLAIN. 

In  the  extreme  southern  part  of  Roger  Mills  County,  on  sees.  10, 
11.  14,  and  15,  T.  8  N.,  R.  22  W.,  is  a  salt  plain  occupying  an  area  of 
alx)ut  40  acres.  This  plain,  which  is  about  half  a  mile  distant  from 
the  North  Fork  of  Red  River,  is  located  near  the  base  of  the  (ireer 
Gypsimi  Hills,  which  in  this  region  are  well  exposed.  In  places 
.springs  of  salt  water  issue  directly  from  beneath  gypsum  ledges,  as 
shown  in  PI.  XXI,  .1,  while  ift  other  instances  the  water  boils  up  in 
the  form  of  bold  springs  from  the  level  surface  of  the  plain.     Thei 
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are  in  all  20  or  more  springs,  the  waters  of  which  unite  to  form  a 
stream  estimated  to  flow  at  least  1  second-foot,  although,  in  view  of 
the  fact  that  a  great  part  of  the  water  sinks  into  the  sand,  it  is  prob- 
able that  this  amount  represents  but  a  part  of  the  actual  flow.  Salt 
has  been  manufactured  at  this  plain  for  many  years.  The  water  is 
said  to  contain  a  considerable  proportion  of  gypsum,  but  not  so  much 
as  to  render  it  unfit  for  use. 

GREER   CX)UNTY  SALT   PLAINS. 

The  two  Greer  County  salt  plains  are  located  in  small  canyons 
which  have  been  carved  in  Gypsum  Hills,  south  of  Elm  Fork  of  Red 
RiA^er,  about  5  miles  east  of  the  Texas  line.  From  the  names  of  the 
owners  these  plants  are  known  locally  as  the  Chaney  Salt  Plain  and 
the  Kiser  Salt  Plain.  Neither  covers  an  area  of  more  than  an  acre  or 
two.  Both  are  fed  by  springs  that  issue  from  the  red  shales  below 
heavy  ledges  of  Greer  gj^psum.  Springs  boil  up  from  the  lev^el  sand 
floor,  and  the  water  flows  out  of  the  canyon  to  mingle  with  the  water 
of  the  river.  A  flourishing  local  industry  has  been  carried  on  at  these 
plains  for  twenty  years  or  more,  and  some  years  as  much  as  600,000 
pounds  of  salt  have  been  manufactured  at  each  one.  Since  the  timber, 
which  formerly  grew  in  the  canyons,  has  been  exhausted  solar  evapo- 
ration has  been  largely  employed  to  produce  salt.  The  average  com- 
bined flow  from  the  springs  is  estimated  at  1  second-foot  from  each 
plain.  In  a  number  of  canyons  emptying  into  Elm  Fork  in  this 
region  there  are  salt  springs,  but  no  others  have  sufficient  strength  of 
flow  to  warrant  the  establishment  of  salt  plants. 

Salt  has  been  manufactured  at  various  times  on  all  of  the  salt 
plains  of  Oklahoma  except  the  large  plain  in  Woods  County,  which, 
as  stated  above,  contains  no  springs  of  any  size.  Until  the  present 
time,  however,  primitive  methods  only  have  been  employed,  and  no 
considerable  amount  of  capital  has  been  invested.  It  goes  without 
saying  that  salt  springs  of  this  character  will  ultimately  develop 
into  properties  of  much  value.  Ten  or  more  second-feet  of  saturated 
brine  will  not  always  remain  luiutilized. 

SULPHUR   SPRINGS. 

All  the  springs  in  Oklahoma  which  may  be  denominated  sulphur 
springs  are  located  in  the  vicinity  of  the  Wichita  Mountains.  In  all 
there  are  a  score  or  more,  the  greater  part  of  which  are  mere  seeps, 
located  usually  among  the  limestone  hills  which  lie  north  of  the 
granite  peaks  of  the  Wichitas.  The  three  which  are  hereafter  de- 
scribed are  probably  the  strongest  of  the  lot. 
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GRANITE   SULPHUR   SPRING. 

This  spring  is  located  in  the  northwest  part  of  the  town  of  (Jranite, 
Greer  County,  Okla.,  in  a  cove  south  of  Headquarters  Mountain,  the 
westernmost  of  the  high  peaks  of  the  Wichita  Range.  The  water 
issues  from  deposits  of  clay  and  gravel  close  to  the  granite  rocks  at 
the  foot  of  the  mountain.  The  water  is  comparatively  pure  except 
for  a  small  quantity  of  sulphide^s.  The  spring  has  quite  a  reputa- 
tion and  its  water  is  used  for  medicinal  purposes. 

RAINY    MOUNTAIN    SITLPHUR    SPRING. 

Standing  out  on  the  plain  in  the  eastern  part  of  Kiowa  County 
ire  three  limestone  knobs,  the  extreme  northwestern  outliers  of  the 
range  of  limestone  hills  referred  to  above.  P>om  a  small  ravine  at 
the  base  of  one  of  these  hills  there  issues  a  sulphur  spring  which  from 
its  location  near  Rainy  Mountain  is  known  as  the  Rainy  Mountain 
Sulphur  Spring.  It  is  situated  in  sec.  83,  T.  7  N.,  R.  15  W.  Not 
only  sulphur,  but  salt  as  well  is  found  in  the  water  of  this  spring. 

APACHE   SULPHUR   SPRING. 

This  spring  is  about  10  miles  southwest  of  Apache,  Comanche 
County,  Okla.,  in  sec.  82,  T.  5  N.,  R.  12  W.,  near  the  foot  of  one  of  the 
limestone  hills  that  make  up  the  range  lying  north  of  the  Wichitas. 
The  flow  of  the  spring  is  small ;  the  source  of  the  water  is  probably 
in  the  limestone  rock. 

DEKP  WEIiliH. 

GENERAL  CONDITIONS. 

Within  the  past  few  years  a  number  of  deep  wells  have  been  put 
down  in  various  parts  of  Oklahoma.  These  wells  have  been  bored 
for  water,  gas,  oil,  and  other  products. 

Because  of  the  fact  that  shallow  wells  do  not  always  furnish  a  suffi- 
cient amount  of  water,  efforts  have  been  made  in  various  places  to 
find  deep-seated  waters,  and  in  many  instances  tliey  liave  ])een  suc- 
cessful. So  far  it  has  been  found  that  if  a  dei)tli  of  400  feet  is 
reached  without  securing  the  desired  amount  and  (]uality  of  water 
there  is  little  use  in  going  fartlier.  The  reason  for  this  is  tliat  the 
greater  part  of  Oklahoma  is  underlaid  witli  red  shales,  which  usually 
contain  a  large  percentage  of  salt,  gypsum,  or  other  mineral  salts. 
So  far  as  known,  except  along  the  eastern  edge  of  the  outcrops  of  the 
formation,  the  drill  has  never  penetrated  to  the  base  of  these  red 
shales,  and  so  their  thickness  is  unknown. 
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In  this  discussion  only  those  wells  that  have  reached  a  depth  of 
feet  or  more  will  Ik»  considered.  Any  classification  of  deep  wells  t 
might  \m}  made  must  l)e  lar^ly  an  arbitrary  one,  but  perhaps 
classification  based  upon  the  purix)se  for  which  the  well  was  dril 
will  more  fully  meet  the  conditions  in  Oklahoma  than  any  other,  a 
for  this  reason  the  deep  wells  of  the  Territory  will  he  described  unc 
the  two  heads  "  Water  wells  "  and  '"  Oil  and  gas  wells." 

WATER  WELLS. 

Fort  Reno  well.— In  1893  a  well  1,370  feet  deep  was  drilled  at  F 
Reno,  Canadian  County,  for  the  purpose  of  securing  a  supply 
water  for  the  post.  The  well,  however,  failed  to  secure  enough  g( 
water  for  the  purpose  intended  and  was  abandoned.  A  small  amo 
of  salt  water  was  encountered  at  about  400  feet  and  fresh  water 
441  feet.  This  is  the  only  well  in  the  Territory  in  which  fresh  wa 
is  found  lielow  400  f(»et.  The  rock  passed  through  consisted  mai 
of  red  shale.     The  section  is  given  in  PL  XXII,  ^4. 

KinyfHher  irelL — At  Kingfisher  an  attempt  was  made  to  sec 
deep-seated  water,  and  at  a  depth  of  GOO  feet  a  great  flow  of  strc 
salt  water  was  encountered,  the  water  rising  to  within  8  feet 
the  top. 

() pf'nna  well, — At  Optima,  in  north-central  Beaver  County,  a  v 
was  drilled  to  a  depth  of  408  feet  without  obtaining  water,  a  rat 
rare  occurrence  on  the  liigh  phiins.  The  strata  passed  through  se 
to  be  all  Tertiary  dei)osits,  and  the  depth  indicates  the  thickr 
which  these  deposits  attain.  The  log  given  in  PI.  XXII,  /i,  shows 
rocks  |)assed  through. 

C/uf(lres.s^  Tea\^  well. — The  Fort  AVorth  and  Denver  Railrc 
Coni|)}niy  had  a  well  put  down  at  Childress,  Tex.,  15  miles  southw 
of  the  southwest  corner  of  Oklalumia,  in  an  effort  to  sc»cure  water 
engines  and  shops.  The  water  found  was  imi)regnated  with  salt  ji 
gypsum,  and  therefore  unfit  for  usi\  The  rocks  passed  through  w 
re<l  shale,  clays,  thin  sandstones,  and  gypsum  and  salt  l>eds.  Th 
formations  being  soft  caved  i)adly,  and  the  well  was  abandoned.  T 
log  of  the  Childress  well  is  given  in  PI.  XXII,  C\ 

OIL  AND  GAS  WELLS. 

^Vells  in  the  Osage  Nation, — Along  the  eastern  line  of  the  Osi 
Nation,  from  the  Creek  country  to  Kansas,  a  number  of  wells  hj 
been  sunk  for  the  purpose  of  securing  oil.  In  a  nmnber  of  these  b< 
oil  and  gas  have  been  found,  the  former  product  running  as  hi 
as  200  barrels  per  day  and  the  latter  product  sc»veral  million  cu 
feet  per  day.  The  w^ells  pass  through  shales,  limestones,  and  sai 
stones  of  Pennsylvanian  age.     Salt  water  is  frequently  encountei'ed 
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r     *  depth  of  1,400  feet.     A  log  of  one  of  these  wells,  near  Bartles- 
^     Wile,  is  given  in  PI.  XXII,  />. 

Cktrhind  well. — At  Cleveland,  Pawnee  County,  a  well  was  drilled 
^o  a  depth  of  520  feet  through  comparatively  thin  ledges  of  red  and 
'>Iiie  shales  and  sandstone  with  two  limestone  membei>!.  Salt  wat«r 
^as  found  at  2520  feet  and  rose  to  within  40  feet  of  the  surface. 

Xewkirk  well. — At  Newkirk,  Kay  County,  in  the  northern  part  of 
the  Territory,  several  wells  have  been  drilled  for  oil  and  gas.  These 
Wells  stai-t  on  top  of  the  F'lint  Hills,  and  consequently  pass  through 
a  larger  amount  of  limestone  than  any  other  wells  in  Oklahoma.  A 
small  amount  of  oil  was  encountered  in  all  the  wells,  but  not  enough 
to  pay  for  the  cost  of  drilling.  Salt  water  was  found  at  various 
tlepths,  in  one  instance  rising  to  within  a  few  feet  of  the  mouth  of  the 
well.    The  log  is  given  in  PI.  XXII,  E. 

Shawnee  well. — The  log  of  the  Shawnee  well,  given  in  PL  XXII, 
/'".  illustrates  the  conditicms  along  the  eastern  edge  of  the  red  beds, 
where  alteiTiating  strata  of  shales  and  sandstones  make  up  the  entire 
formation.  If  the  v»ell  had  Ijeen  continued  a  few  hundred  feet 
deeper,  there  is  no  doubt  that  the  drill  would  have  passed  through 
the  red  l^eds  into  the  subjacent  members. 

Jet  well. — The  Saline  Oil  and  Mining  Company  has  put  a  well 
down  075  feet  at  Jet,  Woods  County,  in  the  hopes  of  securing  oil 
and  gas  from  the  red  beds.  The  well  passed  through  red  and  blue 
f^hales  all  the  way,  with  the  exception  of  about  8  feet  of  sand  at  280 
feet,  which  are  rei)orted  to  have  yielded  one  to  three  barrels  a  day. 
i     Soft  water   was   reported   at   180    feet.     The  log  is  shown   in    PL 

Anthony^  Kans..^  veil. — This  well  was  drilled  12  miles  north  of  the 
Oklahonui  line.  A  study  of  the  log  (PI.  XXII,  //)  will  assist  in  under- 
standing the  conditions  in  the  northern  part  of  the  Territory.  At 
this  point  the  red  l)eds  are  551  feet  thick,  below  which  are  3i)5  feet 
of  blue  shales  and  404  feet  of  salt  Ix^ds.  Limestone,  notably  that  of 
the  Flint  Hills,  was  encountered  at  1,350  feet.'' 

CONCLUSIONS. 

From  the  above  facts  and  known  conditions  the  following  conclu- 
sions regarding  the  underground  conditions  in  Oklahoma  may  be 
drawn:  (1)  In  general,  water  may  l)e  obtained  in  fair  (|uantities 
l)etween  the  depths  of  *i0()  and  400  feet,  but  such  water  often  contains 
a  high  percentage  of  soluble  salts,  which  sometimes  render  the  water 
unfit  for  use.     (2)  AVater  below  400  feet   is  almost   invariably  too 

■Since  the  above  waH  written  a  weU  :it  Spencer,  12  miles  east  of  Oklahoma  City,  has 
been  pat  down  to  a  deptli  of  2.or»0  feet.  The  red  beds  were  penetrated  at  1,550  feef 
below  which  gray  to  brown  sbnies  and  sandstones  were  encountered. 
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salty  for  any  purposes  except  for  the  manufacture  of  salt  (3)  Drill — 
ing  wells  to  any  considerable  depth  in  the  red  beds  is  difficult,  because 
of  the  unstable  and  ti'eachei-ous  character  of  the  formations. 

ARTESIAN  WATER. 

There  is  little  hope  for  artesian  water  in  Oklahoma.  The  Dakota* 
sandstone,  the  great  artesian  water-bearing  formation  of  the  plains, 
outcTops  only  in  the  extreme  wes-tem  part  of  the  Territory.  Ter- 
tiary rocks  carry  large  quantities  of  water,  iMit,  so  far  as  known,  th© 
structural  conditions  are  not  suitable  for  an  artesian  flow.  The  red 
l>eds  are  water  bearing,  but  in  the  main  sparingly  so,  and,  besides, 
they  all  dip  westward  or  toward  the  higher  lands. 

Flows  of  artesian  water  dei^end  upon  several  conditions,  among 
which  the  two  mQ,st  imix)rtant  are  (1)  a  porous  stratum  of  rock 
contained  lK»tween  impervious  strata;  and  (2)  an  exposure  of  this 
porous  stratum  at  the  surface  at  a  higher  elevation  than  the  mouth 
of  the  well.  It  has  been  thought  that  in  Oklahoma  these  conditions 
might  l)e  furnished  by  the  red  lx»ds,  which  extend  westward  far  up 
the  flanks  of  the  Rocky  Mountains,  but  the  rocks  have  not  been  found 
to  yiehl  flows.  As  to  prospects  in  the  subjacent  rocks,  the  difficulty 
is  that  the  drill  has  rarely  penetrated  the  red  beds  in  Oklahoma. 
In  one  or  two  instances  wells  which  started  in  the  red  beds  have 
n*acho(l  the  blue  and  gray  clays  and  shales  below,  but  in  these  in- 
siances  th(»  wells  were  located  near  the  eastern  margin  of  the  red 
btuls.  Salt  water  only  was  found  in  these  wells  and  in  no  instance 
(lid  it  reacli  the  surface.  The  relations  and  capabilities  of  the 
formations  nn(l(»rlying  the  red  IhhIs  in  central  and  western  Okla- 
homa remain  to  be  settled. 

Tlien*  an*  a  f(»\v  local  instances  of  flowing  wells  in  Oklahoma,  but 
none  of  economic  importance.  At  (luthrie  a  well  in  the  red  beds 
flow  s  over  the  surface.  Near  Heaver  City  an  artesian  well  is  reported 
from  tlie  Tertiary. 

In  many  i)arts  of  Oklahoma  are  wells  that  are  semiartesian  in 
character;  that  is,  the  water  ris(*s  in  the  well  often  nearly  to  the  top, 
but  does  not  flow  out.  At  Newkirk,  in  a  well  which  was  drilled  1,680 
feet  for  gas  or  oil,  salt  water  was  encountered  which  rose  practically 
to  the  surface.  In  the  vicinity  of  Norman  there  is  a  water-l^enring 
stratum  at  a  dei)th  of  alxMit  250  feet  below^  the  surface,  and  in  a  num- 
Ina*  of  wells  which  have  reached  this  stratum  the  water  rises  from 
150  to  175  feet,  standing  within  75  to  100  feet  of  the  surface.  This 
fact  may  be  readily  explained  by  remenil)ering  that  the  rocks  at 
Nornuin  dip  west  10  to  20  feet  per  mile,  while  the  surface  slopes  to 
the  east.  The  sandstone  in  which  the  water  is  found  at  a  depth  of 
250  feet  comes  to  the  surface  some  miles  east  of  Norman,  and  at  a 
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level  lower  than  the  mouth  of  the  well.  Under  this  condition  the 
water  rises  to  the  level  of  the  intake  area,  which  is  75  to  100  feet 
below  the  level  of  the  month  of  the  well. 

WATER  CONDITIONS,  BY  COUNTIES. 

In  the  following  pages  will  be  discussed  briefly  the  general  condi- 
tions of  water  supply  in  each  of  the  27  counties  (counting  the  Osage 
Xation  as  one).  The  order  is  as  follows:  First,  a  brief  mention  of 
the  rocks  and  the  principal  drainage  features;  second,  a  statement  of 
the  character  of  the  wells  and  springs;  and  third  (pp.  156,  173),  a  list 
of  10  wells  from  the  county.  These  well  records,  more  than  250  in 
all  have  been  selected  from  about  3,000  records  now  on  file  in  the 
office,  and  are  believed  to  represent  fairly  well  the  water  conditions  of 
the  various  counties. 

OSAGE  NATION. 

Rocks  and  drainage, — The  Osage  Nation,  which  includes  all  of 
Ollahoma  lying  north  and  east  of  Arkansas  River,  is  approxi- 
mately 50  miles  square.  Tributary  to  the  Arkansas  in  the  Osage 
Nation  are  Beaver,  Salt,  and  Gray  Horse  creeks.  The  greater  part 
of  the  Nation  is  drained  by  Verdigris  River,  through  Hominy,  Bird, 
Buck,  and  Sand  creeks.  In  the  eastern  part  of  the  reservation  the 
rocks  are  chiefly  shales  and  sandstones,  with  an  occasional  ledge  of 
massive  limestones,  while  farther  west  to  the  Arkansas  River  the 
limestone  ledges  are  more  frequent.  In  this  reservation  the  Flint 
Hills  reach  their  highest  development  in  Oklahoma,  although  they 
ere  here  not  so  conspicuous  as  in  Kansas.  South  of  the  river  the  lime- 
stone ledges  begin  to  thin  out  and  disappear. 

Wat^r  supply. — In  general,  this  area  is  not  yet  extensively  imder 
cultivation  and  consequently  comparatively  few  wells  have  been  put 
down.  The  Osage  Indians  are  the  most  primitive  of  all  the  tribes  in 
Oklahoma.  Many  yet  retain  their  tribal  customs  and  manners  of  dress, 
and  are  usually  known  as  "•  blanket  Indians."  During  the  last  few 
years,  however,  many  of  the  Osages  have  taken  allotments,  and  the 
greater  part  of  the  land  along  the  various  streams  has  been  leased  to 
enterprising  white  men  who  are  cultivating  farms,  often  of  consider- 
able size.  This  is  particnlarly  the  case  along  the  valleys  of  Arkansas 
River  and  such  minor  streams  as  Heaver,  Salt,  Hominy,  and  Sand 
creeks.  Except  in  rare  instances,  however,  the  uplands  are  not  culti- 
vated, and  for  that  reason  no  comprehensive  statements  may  1h»  made 
regarding  wells  on  them ;  l)nt  in  such  wells  as  have  l)een  put  down 
near  farmhousc»s  and  on  ranches  in  the  valleys  an  abundant  supply  of 
water  has  usually  been  found.  Then*  is  no  reason  to  doubt  that  on 
the  uplands  a  satisfactory  supply  of  water  can  be  obtained.     As  is 
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usiml  in  a  limestone  country,  the  water  often  is  hard,  but  usually  is 
not  unfit  for  use.  In  the  eastern  part  of  the  Osage  coimtry,  as  stated 
above,  the  r(K*ks  ai*e  chiefly  sandstone  and  shales,  and  in  this  region 
the  wells  furnish  a  good  supply  of  soft  wat-er. 

Throughout  the  gi'eater  part  of  the  Osage  Nation  are  many  springs 
of  considerable  size.  In  the  eastern  part  of  the  reservation  these 
springs  flow  out  from  under  sandstone  ledges,  usually  above  shale 
rocks,  and  the  water  of  such  springs  is  soft.  Many  Indian  cabins 
and  even  many  farms  and  ranches  of  considerable  size  have  been 
located  with  reference  to  some  spring.  The  water  in  Buck,  Sand, 
Bird,  and  Hominy  cret^ks,  which  rist»  in  the  Flint  Hills  and  flow  east 
across  the  reservation,  emptying  into  Verdigris  River,  usually  comes 
from  springs  that  are  for  the  most  part  ptM'ennial.  In  the  western 
l)art  of  the  Osage  Nation  aiv  also  many  large  springs,  usually  iss!iing 
from  under  limestone  ledges,  and  the  water  is  consequently  hard. 
Such  creeks  as  Little  Beaver.  Big  Beaver.  Salt,  Gray  Hoi*se,  and 
others  are  fed  by  springs  from  the  Flint  Hills.  Some  of  these 
sj)rings  are  of  considerable  size — for  instance.  Big  Spring,  on  Little 
Beaver  Creek,  (5  miles  south  of  Maple  City,  Kans.,  has  h)ng  been 
known  as  a  camj)ing  place  and  resort.  On  the  hill  above  this  spring 
are  located  tlu*  famous  Timl)ered  Mounds,  which  are,  in  fact,  nothing 
i)ut  ancient  flint  quarries  from  which  Indians  obtained  the  material 
for  their  implements. 

But  few  wells  have  l)een  rei)orte(l  from  the  Osage  Nation,  and  l>e- 
cause  of  the  insufficient  data  no  records  are  given. 

KAY  COUNTY. 

Rocks  mill  (1vahui(/(\ — This  is  the  northeastern  county  of  Oklahonni. 
It  is  limited  on  th(»  east  by  Arkansas  River  and  on  the  north  by  the 
Kansas  bomidarv.  The  county  is  approxinuitely  1^0  miles  square,  and 
is  one  of  the  most  fertile  in  the  Territory.  AVith  the  exception  of  the 
])ortion  along  Ai'kansas  River  in  the  eastern  part  of  the  county,  the 
topography  is  in  general  very  even. 

The  Salt  Fork  of  the  Arkansas  Hows  through  the  southern  tier  of 
townshi|)s  and  em|)ties  into  Arkansas  River  in  the  Ponca  Res(»rvation 
a  few  miles  south  of  the  Kay  Comity  line.  Trii)utary  to  the  Salt 
Fork  in  Kay  County  are  Chikaskia  River,  Bois  d'Arc  Creek,  and 
Deer  Creek,  and  tributary  to  the  Chikaskia  are  Duck  and  (13'psmn 
cre(»ks.  All  of  these  streams  have  carved  shallow  chaimels  in  the 
level  upland.  rend«»ring  the  surface  in  many  places  slightly  rolling, 
but  in  only  few  localities  are  there  bluffs  of  any  considerable  height. 

In  th(»  eastern  part  of  the  county  from  the  Kansas  line  south  to 
Ponca  City  are  the  limestone  rocks,  which  form  the  southern  part  of 
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Ithe  Flint  Hills.  From  the  level  of  the  river  to  the  top  of  the  hill 
near  Xewkirk  there  are  6  or  8  heavy  ledges  of  limestone  varying  in 
thickness  from  5  to  30  feet. 

West  of  the  limestone  country  there  is  an  area  comprising  the 
greater  part  of  the  county,  in  which  the  rocks  consist  of  grayish  or 
Mulsh  shales  with  a  few  ledges  of  thin  limestone.  This  area,  which 
extends  about  as  far  southwest  as  Deer  Creek,  is  the  southern  exten- 
sion of  the  Marion  and  Wellington  formations  of  Kansas,  which  in 
that  State  outcrop  over  several  counties  and  extend  from  the  top  of 
the  Flint  Hills  westward  to  the  line  of  the  red  heds  or  Cretaceous 
rocks.  In  Oklahoma,  however,  these  formations  have  but  a  limited 
»real  extent,  being  confined  to  Kay  County.  In  both  Kansas  and 
Oklahoma  the  shales  contain  extensive  deposits  of  gypsum  and  salt, 
and  one  of  the  Oklahoma  gypsum  mills  is  located  in  this  county. 

In  the  southwe^stern  part  of  the  county,  including  the  township 

v.est  of  Deer  Crwk  and  most  of  the  regions  south  of  the  Salt  Fork 

of  Arkansas  Kiver,  are  typical  red  shales  and  sandstone.s  of  the  red 

/»eds.     Along  st^veral  of  the  streams,   particidarly   along  the  north 

slope  of  the  Salt  Fork,  there  are  areas  covered  with  Quaternary  sand 

JiilLs. 

Water  tnipply. — Wells  have  In^en  sunk  on  nearly  every  quarter  sec- 
tion in  Kay  County,  with  depths  varying  from  20  to  80  feet,  and 
usually  yield  an  abundant  supply  of  water.  In  central  and  northern 
Kay  County,  in  the  gypsum  region  west  of  the  limestone  hills,  the 
supply  of  water  is  abundant,  but  rather  inferior  in  quality,  Iwing 
usually  too  hard  for  domestic  use.  In  the  red  beds  region,  in  the 
southwestern  part  of  the  coimty,  the  water  usually  contains  more 
or  less  gypsum,  although  there  are  a  number  of  wells  which  obtain 
^.vater  from  a  l)ed  of  sandstone.  In  these  wells  the  water  is  almost 
luiiformly  soft.  The  l>est  water  in  Kay  County  is  found  in  the  sand 
hills  region,  north  of  the  Salt  Fork,  where  the  wells  are  usually  shal- 
low, not  exceeding  20  to  80  feet  in  depth.  In  the  bluffs  along 
Arkansas  River  in  the  eastern  i)art  of  the  county  are  numerous 
springs,  and,  as  is  usual  in  a  limestone  region,  the  water  from  these 
springs  is  hard,  though  in  most  i)laces  not  sufficiently  so  to  render  it 
iuifit  for  use.  There  are  also  a  number  of  s|)rings  of  good  soft  water 
&niong  the  sand  hills,  particularly  along  the  north  bank  of  Salt  Fork 
west  of  Tonkawa.  Analys(»s  \os.  41,  42,  and  4H  are  of  water  from 
wells,  and  Nos.  138  and  180  are  of  water  from  springs  in  Kay  County. 
Well  recordi<, — Of  104  wells  reported  from  Kay  County,  85  fur- 
nish soft  water,  55  hard  water,  and  14  salty  water.  The  average 
depth  of  the  104  wells  reported  was  (U  feet.  The  list  on  page  1(>2 
includes  records  of  10  wells  taken  from  various  parts  of  the  county, 
Jiiid  is  believed  to  be  representative  of  the  water  conditions. 


112  GEOLOGY   AND   WATER   RESOURCES   OF   OKLAHOMA. 

NOBLE  COUNTY. 

Rockx  and  drainage. — Noble  County  lies  directly  south  of  Kay 
County.  In  describing  this  county  there  will  be  included  the  Otoe 
and  the  southern  half  of  the  Ponca  resenrations.  Arkansas  River 
flows  for  20  miles  or  more  along  the  northeastern  boundary  of  the 
county,  forming  a  double  oxbow  bend.  Across  the  county  from  west 
to  east  flow  Red  Rock  and  Black  Bear  creeks,  both  of  which  rise  in 
Garfield  County  and  empty  into  Arkansas  River. 

The  rocks  in  the  northeastern  part  of  Noble  County  are  largely 
shales  and  limestones,  but  in  this  region  many  of  the  ledges  of  lime- 
stone, which  form  the  main  part  of  the  Flint  Hills  in  the  Osage 
country,  finally  disappear  and  give  place  to  shales  and  sandstones. 
The  greater  part  of  the  rocks  of  this  county,  however,  particularly  ii 
the  vicinity  of  Perry  and  westward,  consist  of  typical  red  beds  clay 
and  sandstones.  It  would  perhaps  be  correct  to  say  that  the  transi 
tion  from  the  Flint  Hills  and  the  Pennsylvanian  rocks  to  the  typic* 
red  beds  takes  place  largely  in  this  county.  The  sandstones  thi-ougl 
out  the  greater  part  of  Noble  County  are  normally  gray  or  browi 
while  the  shales  are  almost  always  brick  red.  Along  the  western  lin 
however,  even  the  sandstones  become  red,  and  so  continue  to  the  wes 
ern  part  of  the  Territory. 

Water  Hnpply, — The  water  in  the  eastern  part  of  Noble  Count; 
particularly  in  the  region  now  occupied  by  the  Otoe  and  Ponc^  re: 
ervations,  is  not  particularly  abundant.  Wherever  wells  have  bee 
put  down,  however,  a  sufficient  supply  of  water  for  domestic  an 
stock  use  has  usually  been  obtained.  In  the  southern  part  of  tl: 
county  sandstone  b(»ds  are  abiuidant,  and  in  most  localities  wells  yiel 
plenty  of  good  water.  In  the  western  part  the  water  often  contair 
mineral  salts,  chiefly  gypsum  or  salt,  but  there  are  comparatively  fe 
wells  in  which  water  is  not  suitable  for  house  use.  There  are  ah 
springs  of  considerable  importan(*e  in  Noble  County,  and  a  mmiber  c 
the  small  creeks  which  are  fed  by  them  flow  the  year  round.  Anab 
ses  Nos.  52,  58,  54,  55,  and  56  are  of  water  from  wells  in  Noble  Count; 

Well  rerordn, — Of  29  wells  reported  from  Noble  County,  16  cx)i 
tained  soft  water.  1>  hard  water,  and  4  salty  w^ater.     The  averaj 
depth  was  52  feet.     A  list  of  wells  from  all  parts  of  the  county 
given  on  page  100. 

PAWNEE  COUNTY. 

Rockfi  and  dva'magv. — The  shape  of  Pawnee  County,  which  li< 
immediately  east  of  Noble,  is  that  of  a  right  angle  triangle,  of  whic 
Arkansas  River  on  the  northeastern  side  is  the  hypotenuse*.  Tl 
eastern  end  of  the  county  extends  farther  east  than  any  other  pai 
of  Oklahoma  except  the  Osage  Nation.     Cimarron  River  empties  int 
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the  Arkansas  in  the  extreme  southeastern  part  of  the  county.  Black 
Bear  Creek  enters  from  Noble  County  and  flows  southeast  to  join 
Arkansas  River.  A  number  of  small  creeks  tributary  to  the  Arkan- 
sas, Cimarron,  and  Black  Bear  have  cut  the  surface  into  a  series  of 
valleys  and  ridges,  and  in  parts  of  the  county  the  surface  is  uneven, 
high  hills  and  steep  slopes  being  common. 

The  rocks  are  mostly  shales,  sandstones,  and  limestones  and  do 
not  differ  materially  from  those  of  Osage  Nation,  just  across  the  river. 
In  Pawnee  and  Noble  counties  the  Flint  Hills  finally  lose  their 
identity  and  become  merged  with  the  red  beds  and  heavy  ledges  of 
sandstone. 

Water  supply. — ^As  would  be  expected  in  a  region  with  the  geo- 
logic structure  of  Pawnee  County,  water  is  abundant  and  there  is 
no  part  of  the  county  where  it  is  not  good.  Wells  which  usually 
obtain  a  permanent  supply  at  moderate  depths  are  found  on  practi- 
cally every  quarter  section.  In  a  few  instances  the  water  from  the 
welLs  is  salty,  but  such  cases  are  rare. 

Springs  which  usually  issue  from  beneath  ledges  of  limestone 
tre  common  in  Pawnee  County,  and  from  under  several  of  these  ledges 
there  is  almost  constant  seep  for  a  distance  for  sometimes  several 
miles.  In  other  localities  bold  springs  are  common.  Analyses  Nos. 
M,  65,  66,  67,  68,  and  69  are  of  water  from  wells  and  No.  142  is  of 
water  from  a  spring  in  Pawnee  County. 

Well  records. — Of  151  wells  reported  from  Pawnee  County,  94 
fiimish  soft  water,  50  hard  water,  6  salty  water,  and  1  sulphur 
water.  The  average  depth  is  57  feet.  The  records  on  page  106  were 
taken  from  all  parts  of  the  county. 
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ar^'l  Rocks  and  drainage. — The  Cimarron  flows  through  the  southern 
r  4\  part  of  Payne  County  and  across  the  northwest  corner  of  the  Creek 
air  I  country  before  joining  Arkansas  River.  The  largest  tributary  of 
Dril  ^^^  Cimarron  in  Payne  County  is  Stillwater  Creek.  The  smaller 
•oa  creeks  cutting  across  sandstone  ledges  have  produced  the  rough 
ajgr     sarface  characteristic  of  so  much  of  eastern  Oklahoma. 

The  rocks  of  Payne  County  are  chiefly  shales  and  sandstones,  with 
a  few  interbedded  limestone  layers  which  have  persisted  from  the 
Flint  Hills  region.  The  color  of  the  rocks  in  the  western  part  of  the 
county  is  normally  red,  although  some  of  the  sandstones  are  brown  or 
ie*  gray.  Farther  east  they  are  all  of  a  lighter  color,  but  the  shales 
ofc  continue  to  be  red  nearly  to  the  eastern  line  of  the  county. 
h^  Water  supply. — The  general  conditions  of  water  supply  in  Payne 
rt      County  do  not  differ  materially  from  those  in  Pawnee  and  Noble 
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count  io.s.  AVells  are  numerous  and  furnish  plenty  of  water,  usually 
of  ^oo<l  (juality.  In  the  western  part  of  the  county,  however,  where 
the  roi'ks  are  tj'pical  red  beds  a  considerable  amount  of  hard  water 
is  encountered,  and  some  wells  even  contain  salt  water.  Springs  are 
found  in  practically  all  parts  of  the  county.  Most  of  them,  how- 
ever, are  nothing  but  small  seeps,  which  issue  from  under  limestone 
or  sandstone  ledges.  Analyses  70,  71,  72,  73,  74,  and  75  are  of  water 
from  wells  in  Payne  County. 

Well  records. — Of  140  wells  reported  from  Payne  County,  78  fur- 
nish soft  water,  5G  hard  water,  and  (>  salty  water.  The  average  depth 
of  the  140  wells  reported  is  55  fet»t.  Records  202-211,  on  page  16C,  are 
from  this  county. 

LINCOLN  COUNTY. 

Rocks  and  dmhwr/e. — Deep  Fork  of  the  Canadian  flows  east  across 
the  center  of  Lincoln  County.  The  north  line  of  the  county 
approaches  nearly  to  the  Cimnniron,  while  part  of  the  south  boundary 
is  Xorth  (^anadian  River.  This  stream  arrangement  causes  two  eJist- 
west  divides,  which  pass  across  the  county,  and  small  tributary  creeks 
flowing  into  the  Cimarron,  Deep  Fork,  or  North  Canadian  have  cut 
into  these  divides  and  increased  by  erosion  the  asperity  of  surface  fea- 
tures. The  rocks  of  Lincoln  C'Ounty  are  largely  sandstones  and  .shales; 
(lie  shales  are  usually  red,  the  beds  of  sandstones  being  often  brown 
or  grny. 

]V(ffrr  supplj/. — AVells  in  this  county  obtain  abundant  supplies  of 
water  at  depths  ranging  from  25  to  150  fei»t.  Sandstone  is  the 
source  of  the  water  in  the  greater  part  of  them,  and  most  of  thcin 
sui)i)Iy  soft  water.  The  springs  of  Lincoln  County  do  not  diffei 
from  th()S(»  in  counties  farther  north,  where  similar  rocks  are  found 
From  under  sandstone  ledges  numerous  seep  springs  issue  and  ii 
certain  localities  bold  perennial  springs  are  common.  Over  a  con 
siderable  part  of  the  county  the  soil  is  loose  and  sandy,  and  mucl 
water  which  under  other  conditions  might  come  to  the  surface  in  th 
form  of  springs  escapes  in  underflow.  In  nuxny  places  where  a  sprinj 
reaches  the  surface  the  water  soon  again  sinks  into  the  sand.  Analy 
sis  No.  140  is  of  water  from  a  spring  in  Lincoln  County. 

Well  records, — Of  58  wells  reported  from  Lincoln  C'Ounty,  40  fur 
nish  soft  water,  K)  hard  water,  1  salty  water,  and  1  sulphur  watei 
The  average  depth  of  the  58  wells  is  84  fe(»t.  The  10  well  record 
on  i)age  104  indicate  the  water  conditions  in  this  county. 

POTTAWATOMIE  COUNTY. 

Rods  and  drahia(/e. — This  is  the  sojitheastern  county  of  the  Terri 
tory.  The  North  Canadian  flows  through  the  northern  part,  th 
South   Canadian   forms   its   southern   boundarv,   and   Little   Rive 
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flows  from  west  to  east  across  the  central  part  of  the  county.  Numer- 
ous small  tributaries  to  these  larger  streams  have  cut  into  the  upland, 
forming  low,  rolling  hills. 

The  rocks  are  similar  to  those  in  counties  north,  being  chiefly  sand- 
i^^tones  and  shales,  normally  red  in  color.  The  sandstone  is  loosely 
consolidated^  and  the  cementing  material,  chiefly  calcium  carbonate, 
having  l)een  dissolved,  the  sand  grains  fall  apart  and  form  loose  sand, 
which  is  blown  by  the  wind  into  sand  hills.  This  county,  as  well  as 
Lincoln  and  Payne,  lies  entirely  within  the  Sandstone  Hills  region  of 
Oklahoma. 

Water  Htipply, — Wells  have  l>een  put  down  in  all  parts  of  this 
county,  and  the  water  obtained  from  them  is  usually  of  a  good  quality, 
although  in  certain  sections  it  contains  gypsum  and  other  mineral 
salts.  In  this  county  springs  occur  chiefly  under  three  conditions — 
in  creek  l)ottoms,  where  water  remove.s  the  sand  down  to  the  underly- 
ing shale;  on  hillsides,  where  the  covering  sand  mantle  is  too  thin  to 
carry  all  the  water  that  flows  down  the  hill,  and  as  seep  springs, 
which  in  wet  weather  occur  in  shale  beds.  Analyses  Xos.  76,  77,  and 
18  are  of  water  from  wells  in  Pottawatomie  County. 

Well  records, — Of  76  wells  reported  from  Pottawatomie  County. 
37  funiish  soft  water,  37  hard  water,  and  2  salty  water.  The  average 
depth  is  70  feet.  On  page  168  is  the  record  of  10  representative  wells, 
selected  from  practically  all  parts  of  the  county. 

CLEVELAND  COUNTY. 

Rorkti  and  dramnge, — South  Canadian  River  bounds  this  county 
in  the  south  and  west;  Little  River,  a  tributary  of  the  latter  stream, 
ises  in  the  county  and  flows  east  into  Pottawatomie  County.  The 
astern  part  of  the  county  li(»s  in  the  Sandstone  Hills  regi(m  and  the 
orthwestem  part  in  the  Ix)\v  Plains  regicm.  The  eastern  part  of 
ie  county  is  somewhat  broken,  as  the  streams  that  flow  into  Little 
liver  and  South  Canadian  have  cut  rather  deep  valleys  into  the 
mdstones  that  compris<^  the  greater  i)art  of  the  rocks.  The  divide 
etwe<*n  Little  River  and  Canadian  is  generally  level. 
The  rocks  consist  for  the  most  i)art  of  red  beds  in  which  sandstone 
ambers  are  common  in  the  eastern  pai't  of  tho  comity,  although  even 
ere  red  shales  make  up  a  great  |)art  of  th(»  rocks.  AVest  of  the  Atch- 
on,  Toi>eka  and  Santa  Fe  Railway  there  is  relatively  little  sand- 
one,  and  red  shale  makes  up  the  greater  part  of  the  rocks.  Along 
le  north  slo|x»  of  the  South  Canadian  there  are  areas  of  sand  hills, 
rol>ably  composed  of  reniiiaiits  of  Tertiary  sands. 

Watrr  Huj)ply, — In  the  eastern  j)art  of  Cleveland  County  much 
f  the  water  is  found  in  sandstone,  and  is  conseciuently  soft.  On  the 
ivcl  divide  between  the  rivers  the  water  is,  in  general,  not  so  good, 
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\mng  impregnated  in  many  places  with  mineral  salts,  although  even 
here  many  of  the  red  Ix^ds  welLs  furnish  pure,  soft  water.  In  the 
sand-hills  region  north  of  the  South  Canadian  the  water  is  always 
good.  Springs  are  not  abundant  in  this  county;  in  the  eastern  part 
there  are  a  few  springs  issuing  from  under  ledges  of  sandstone,  in 
which  the  flow,  while  never  very  strong,  is  constant  In  the  sand- 
hills region  are  a  number  of  springs  that  flow  the  year  round.  Anal- 
yses Nos.  7,  8, 1),  10,  11,  12,  13,  14,  15,  16,  17,  18,  19,  20,  21,  22,  23,  and 
24  are  of  wat^^r  from  wells  in  Cleveland  County. 

Well  reconh, — Of  82  wells  reported  from  this  county,  40  furnish, 
soft  water,  33  hard  water,  7  salty  water,  and  2  iron  water.  The  aver- 
age depth  of  the  82  wells  was  88  feet.  Records  of  wells  in  Cleve- 
land County  are  given  on  page  158. 

OKLAHOMA  COUNTY. 

Rock'H  and  drabuuje, — The  drainage  of  Oklahoma  County  is  rathei 
complex.  North  Canadian  Kiver  flows  east  through  it,  making  8 
large  l)end  to  the  north  in  the  eastern  part  of  the  county,  but  its  drain- 
age an^a  is  limited,  and  the  four  cornei*s  of  the  county  drain  into  foui 
different  streams.  Deep  Fork  of  the  Canadian  drains  the  northeAsi 
l)art  and  Little  River  the  southeast  corner.  South  Canadian  drains 
the  southwest  corner,  and  Chisholm  Creek,  a  tributary  of  the  Cimar- 
ron, heads  in  (he  northwest  corntM*. 

Oklahoma  County,  like  Cleveland  County,  lies  jiailly  in  the  Sand- 
stone Hills  region  and  partly  in  the  Low  Plains  region;  conse 
quently,  the  rocks  of  the  eastern  part  of  the  comity  consist  largely  o: 
red  sandstones,  while  farther  west  sandstones  become  less  abundant 
and  shales  and  clays  make  up  i)ractically  all  the  rocks.  The  easten 
j^art  of  the  county  is  more  broken  than  the  western.  The  headwater 
of  Deep  Fork  have  cut  canyons  into  the  sandstones,  giving  to  th 
country  the  dissected  surface  so  characteristic  of  eastern  Oklahomt 
while  farther  west  there  are  comparatively  few  forms  of  relief. 

M'ater  f<upplf/. — AVells  in  this  county  find  water  at  reasonabl 
(lej)ths.  In  the  Sandstone  Hills  region  the  water  is  often  soft,  bi; 
farther  west  hard  water  predominates.  Along  the  North  Canadiai 
wells  in  the  alluvial  flood  plain  have  good  water.  Oklahoma  Count 
has  comparatively  few  si)rings.  Of  thase  the  gi*eater  part  flow  froi 
the  sandstone  beds  in  the  eastern  part  of  the  county,  generally  nea 
one  of  the  divides,  and  issuing  at  the  head  of  a  canvcm  which  has  bee 
cut  through  the  sandstone  into  the  clay  and  shale  below.  Especiall 
is  this  condition  true  along  the  canyons  which  empty  into  Deep  Fori 
Red  beds  springs  occur,  however,  along  both  Chisholm  and  Cottor 
wood  cieeks.     So  far  as  known,  thert^  are  no  Tertiary  springs  in  thi 
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county.  Analyses  Nos.  57,  58,  59,  60,  61,  62,  and  63  are  of  water  ob- 
Uined  from  wells  in  Oklahoma  County. 

Well  records. — Of  36  wells  reported  from  Oklahoma  County,  25 
furnish  soft  water,  10  hard  water,  and  1  salty  water.  The  average 
depth  is  60  feet.  The  10  well  records  given  on  page  166  are  believed 
to  represent  typical  conditions  in  this  county. 

LOGAN  COUNTY. 

Rocks  and  drahwge. — With  the  exception  of  the  southeastern  part 
of  the  county,  the  water  of  wlWch  flows  into  Deep  Fork,  all  of  Logan 
County  is  drained  by  the  Cimarron,  which  flows  east  across  the  county. 
Skeleton  Creek  from  the  north  and  Cottonwood  Creek  from  the  south 
are  the  chief  tributaries  of  this  river.  The  surface  is  rather  broken, 
particularly  in  the  southern  and  eastern  parts  of  the  county. 

Sandstone  beds  interstratified  with  red  shales  make  up  the  greater 
part  of  the  rocks  of  Logan  County ;  but,  as  in  the  counties  north  and 
south  of  Logan,  the  sandstone  members  become  thinner  as  the  western 
part  of  the  county  is  reached.  North  of  the  Cimarron  there  are  belts 
of  sand  hills. 

Water  supply, — The  wells  of  Logan  County  are  in  a  general  way 
dmilar  to  those  in  Payne  and  Oklahoma  counties.  In  the  sandstone 
»untry  the  wells  produce  soft  water,  while  farther  west  the  rocks 
ontain  more  mineral  salts.  At  Guthrie  there  is  an  artesian  well 
.hich  probably  is  supplied  from  a  local  head.  There  is  no  reason 
}r  supposing  that  other  wells  of  this  character  will  be  encoimtered. 
Springs  are  scattered  quite  generally  over  Logan  County,  but  are 
ost  numerous  in  the  sandstone  region  in  the  eastern  and  northeast- 
n  parts.  Many  of  the  streams  which  flow  into  Deep  Fork  from 
e  southeastern  part  of  the  county  are  fed  by  springs,  and  they  are 
so  abundant  near  Mulhall,  in  the  northeastern  part.  Tertiary 
rings  are  reported  from  Sandy  Creek,  in  the  southwestern  i)art  of 
e  county,  and  from  the  sand  hill  region  north  of  the  Cimarron. 
lalyses  Nos.  49,  50,  and  51  were  from  wells.  No.  HI  from  a  spring, 
d  No.  154  from  a  pond  in  Logan  County. 

Well  records, — Of  35  wells  reporttnl  from  Ix)gan  County,  16  fur- 
sh  soft  water,  19  hard  water,  and  tlie  average  depth  is  78  feet.  On 
ge  164  are  given  the  records  of  wells  in  various  parts  of  Logan 
mnty. 

CANADIAN  COUNTY. 

Rocks  and  drainnge, — Both  North  Canadian  and  South  Canadian 
rers  flow  southeast  across  Canadian  County,  and  into  both  of  these 
rers  empty  a  number  of  short  tributaiy  creeks.  The  southwestern 
rt  of  the  county  drains  into  the  Washita,  and  the  northeastern 
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part  into  the  Cimarron.  Nearly  all  the  county  lies  in  the  low  plains 
region  of  Oklahoma. 

The  rocks  are  chiefly  red  shales  and  clays,  with  occasional  thin 
bedded  sandstones.  They  l^long  to  the  Permian  red  beds.  In  th( 
northwestern  part  of  the  county  occur  the  southern  end  of  the  Blaiw 
Gypsum  Hills  in  Oklahoma.  In  Canadian  County,  however,  the  bed 
of  gi'psum  are  not  massive,  rarely  being  more  than  3  feet  thici 
North  of  both  rivet's  there  are  deposits  of  Tertiary  sands,  these  dc 
posits  being  more  abundant  in  the  northwestern  part  of  the  comit} 
north  of  North  Canadian  River  and  ^  west  of  the  Chicago,  Roc 
Island  and  Pacific  Railroad. 

Water  supply, — Water  is  obtained  at  moderate  depths  in  practical! 
all  parts  of  Canadian  County,  and,  as  would  be  exj^ected  in  a  regie 
composed  largely  of  red  shales,  the  water  is  often  hard,  containing 
large  percentage  of  mineral  salts.  Among  the  sand  hills  north  of  tl 
larger  streams  and  in  the  alluvial  flood  plain  along  the  rivers,  hov 
ever,  the  water  is  usually  soft  and  pure. 

There  are  springs  of  Iwth  hard  and  soft  water  in  most  parts  < 
Canadian  County,  particularly  in  the  Gypsum  Hills  region.  Sof 
water  springs  come  from  under  sandstone  IkkIs  in  the  eastern  part  < 
the  county  and  from  Tertiary  sand  hills  north  of  the  stre^ims.  CatU 
Spring,  at  the  Cheyenne  Indian  school,  4  miles  north  of  Darlingto 
is  the  most  noted  Tertiary  spring  in  Canadian  County. 

Well  records, — Of  "21  wells  reported  from  Canadian  County,  ; 
furnish  soft  water,  J)  hard  water,  and  1  salty  water.  The  avera; 
depth  is  ()1  feet.  The  water  conditions  of  the  county  are  set  fon 
in  the  list  of  wells  on  page  158. 

KINGFISHER   COUNTY. 

Rod's  and  drain/tr/e, — The  entire  drainage  of  Kingfisher  County 
into  the  Cimarron,  which  flows  from  its  northwest  to  its  southea 
(M)rn(»r.  Turk(\y  Creek  from  the  north  and  Salt,  Copper,  Kingfishe 
and  Wahnit  creeks  from  the  south  rist»  in  other  counties  and  cro 
KingHslier  l)ef()re  emptying  into  the  Cimarron. 

The  rocks  are  typical  red  binls.     Few  sandstones  are  found,  and  tl 
rocks  con^jist  largely  of  soft  red  shales.     In  the  extreme  south westei 
part  of  the  county  are  the  IMaine  (ivpsum  Hills,  composed  of  mass 
of  whit(»  gypsum.     North  of  and  parallel  to  (^imarron   River  is 
row  of  Tertiary  sand  hills  from  8  to  10  miles  wide.     The  county 
all  in  the  I^ow  Plains  region  of  Oklahoma. 

Wafer  supply, — The  greater  part  of  the  water  of  Kingfisher  Count 
conies  from  the  red  beds  and  contains  a  considerable  i)ercentage  < 
mineral  salts,  chiefly  calcium  sulphate.  Wells  are  found  in  all  par 
of  the  county,  and  it  is  rare  that  an  abundant  supply  of  water  is  n< 
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found  at  a  reasonable  depth.     Among  the  sand  hills  north  of  the 
Cimarron  wells  are  usually  shallow  and  yield  soft  water. 

The  best  springs  of  Kingfisher  County  art*  found  in  the  sand  hills 
region  north  of  the  Cimarron.  These  springs  are  larger  than  those 
in  Logan,  the  next  county  east,  and  Ixiing  sand  springs,  consequently 
famish  soft  water.  Both  in  the  flat  region  south  of  the  Cimarron 
and  among  the  Gypsum  Hills  in  the  extreme  southwestern  part  of 
the  county  there  are  a  few  hard-water  springs.  Analyses  Nos.  44, 
45, 46,  and  47  are  of  water  from  wells  in  Kingfisher  County. 
'.  k-.J  Well  records, — Of  38  wells  reported  from  Kingfisher  County,  23 
furnish  soft  water,  1»3  hard  water,  and  2  salty  water,  and  the  average 
depth  is  36  feet.  The  10  well  records  given  on  page  1G2  represent  the 
conditions  in  Kingfisher  County. 

GARFIELD   COUNTY. 

Rocl'S  and  drainage. — Garfield  County  drains  in  three  directions — 
south  into  the  Cimarron,  north  into  >Salt  Fork,  and  east  into  the  Red 
Rock  and  Black  Bear  creeks,  tributaries  of  the  Arkansas.  It  has  no 
large  river.  The  surface  of  the  greater  part  of  the  county  is  flat, 
monotonous  prairie,  while  along  the  large  creeks  the  bluffs  are  low 
ind  inconspicuous.  > 

Red  beds  make  up  the  greater  part  of  the  rocks  of  the  county,  and 
of  the  red  beds  red  shales  and  clays  constitute  the  greater  proi)ortion. 
f~,  .1  A  few  beds  of  sandstone,  however,  outcrop  in  the  eastern  part. of  the 
ra;l  ooanty,  but  they  are  so  infrequent  as  to  give  scarcely  noteworthy 
r;|  relief.  The  southwestern  fourth  of  the  county  contains  more  or  less 
conspicuous  deposits  of  sand,  approaching,  in  localities,  sand-hill 
conditions.  Most  of  the  shallow  creek  bottoms,  and  some  portions  of 
the  uplands,  are  co\'ered  with  a  blanket  of  Tertiary  sand. 

Water  s^upply. — Water  in  the  red  beds  of  Garfield  County  is 
abundant;  it  varies  from  that  which  is  pure  and  soft  to  water  so 
full  of  gypsum  and  other  salts  as  to  l)e  unfit  for  use.  Wells  are  found 
ever}' where,  and  water  is  encountered  at  reasonable  depths.  In  the 
sand-hills  region  good  water  is  abundant,  and  in  many  parts  of  the 
j^^  county  upland  wells  or  thosi*  along  prairie  streams  yi<»ld  soft  water. 
Springs,  which  are  most  abundant  in  the  sand-hills  regicm  in  the 
central  and  southwestern  parts  of  the  county,  supply  ^^oiA  water, 
usually  in  considerable  (juan titles.  The  water  from  many  of  thesi^ 
springs,  however,  soon  sinks  again  into  the  sand,  and  in  some 
instances  reappears  farther  downstream  as  another  spring.  In  the 
red  beds  region  springs  are  found,  but  in  general  these  springs 
f  rarely  furnish  sufficient  water  for  domestic  use.  Strong  red  l)eds 
springs  are,  however,  not  unknown,  and  in  some  of  them  the  water  is 
of  good  quality.  Water  analysis  No.  38  is  from  a  well  in  (iarfield 
County. 
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Well  records. — Of  104  wells  reported  from  Grarfield  County,  4— — 
furnish  soft  water,  46  hard  water,  15  salty  water,  1  sulphur  watenr:^ 
and  1  iron  water.  The  average  depth  is  42  feet.  Typical  wateria 
conditions  are  shown  by  the  well  records  on  page  160. 

GRANT  COUNTY. 

Rocks  and  drainage. — This  county  lies  west  of  Kay,  its  north  line 
touching  Kansas,  and  is  entirely  within  the  Low  Plains  region  of 
Oklahoma.  The  drainage  is  all  into  the  Salt  Fork  of  the  Arkansas, 
which  flows  east  across  the  southern  part  of  the  county.  The  chief 
tributaries  in  the  county  are  Deer,  Cottonwood,  Pond,  and  Sand 
creeks,  all  of  which  enter  Salt  Fork  from  the  north.  The  surface  is 
smooth  or  rolling,  very  few  conspicuous  relief  forms  being  found. 

The  rocks  consist  chiefly  of  red  beds  and  Tertiary  deposits.  The 
red  beds,  which  belong  to  the  Enid  formation  and  constitute  the 
bed  rock  throughout  the  county,  consist  largely  of  sandstones  and 
clays,  of  which  the  latter  form  the  major  part.  Few  ledges  of 
sandstone  hard  enough  for  building  purposes  are  found  in  Grant 
County.  Sand  hills  are  found  along  the  Salt  Fork,  principally  on 
the  north  side  of  the  streams,  in  an  east- west  belt  from  5  to  15  miles 
in  width.  A  considerable  portion  of  the  upland  is  covered  also  with 
sand  and  loam  of  Tertiary  or  Quaternary  age. 

Water  supply. — Wells  may  be  found  on  nearly  every  quarter  sec- 
tion in  Grant  County,  and  in  most  cases  the  water  is  both  abundant 
and  wholesome.  Among  the  sand  hills  this  is  almost  universally 
true.  In  a  number  of  cases  where  the  rocks  are  chiefly  red  beds,  wells 
put  down  in  the  sand  and  gravel  deposits  along  some  prairie  creek 
have  plenty  of  good  water.  As  an  example  of  this  fact  may  be  given 
the  city  well  at  Medford.  After  trying  in  vain  to  secure  good  water 
in  the  red  beds  under  the  city  a  well  was  dug  in  the  bed  of  a  small 
stream  a  mile  distant  and  an  abundant  supply  was  obtained.  There 
are  wells  in  which  the  water  contains  gypsum,  salt,  soda,  magnesia, 
or  some  other  such  substance,  but  in  the  majority  of  them  such  is 
not  the  case. 

Springs,  which  are  abundant  in  most  parts  of  the  county,  issue 
usually  from  sand  deposits,  and  almost  without  exception  furnish 
soft  water.  The  streams  north  of  the  Salt  Fork  are  fed  in  a  large 
part  by  bold,  perennial  Tertiary  springs.  There  are  also  springs  in 
the  red  beds  in  Grant  County,  but  like  those  of  this  formation  in 
adjoining  counties,  they  are  usually  unimportant.  Analyses  Nos.  39 
and  40  are  of  w^ater  from  wells  and  152  and  153  of  water  from  ponds 
in  Grant  County. 

Well  records. — Of  54  wells  reported  from  this  county,  27  furnish 
soft  water,  18  hard  water,  and  9  salty  water.    The  average  depth  of 
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the  wells  recorded  is  33  feet.     The  well  records  on  page  162  show  the 
characteristic  water  conditions  in  the  county. 

WOODS  COUNTY. 

Rocks  and  drainage. — With  the  exception  of  the  southwestern  and 
northwestern  parts,  which  are  included  in  the  Gypsum  Hills  region, 
Foods  County  lies  within  the  Low  Plains  region  of  Oklahoma.    Three 
of  the  larger  streams  of  the  Territory  flow  across  the  county — the 
Salt  Fork,  which  flows  across  the  northern  part;    the  Cimarron, 
which  crosses  the  county  south  of  the  center,  and  the  North  Canadian, 
irhich  touches  the  extreme  southwest  corner.     Sand,  Mule,  and  Medi- 
cine creeks  from  the  north  and  Clay  Creek  from  the  south  are  the 
chief  tributaries  of  the  Salt  Fork,  which  receives  the  drainage  of 
perhaps  one-third  of  the  county.     Of  the  smaller  streams  emptying 
into  the  Cimarron,  Eagle  Chief  and  Indian  flow  from  the  north,  and 
Cottonwood,  Skull,  Barney,  Greaver,  Main,  and  West  creeks,  all  of 
which  take  their  rise  among  the  Gypsum  Hills,  from  the  south. 
The  Cimarron  and  its  tributaries  drain  more  than  half  of  Woods 
County^     North  Canadian  River,  in  the  southwestern  part,  receives 
the  drainage  of  but  a  small  area,  perhaps  not  to  exceed  two  town- 
ships in  all,  no  creeks  emptying  into  it  in  this  county. 

The  rocks  of  the  county  consist  largely  of  red  beds  clays  and 
Tertiary  sand.  The  Blaine  Gypsum  Hills,  which  it  will  be  remem- 
bered are  a  part  of  the  Permian  red  beds,  extend  parallel  to  and 
south  of  the  Cimarron  across  the  southwestern  part  of  the  county, 
and  appear  again  in  the  northwestern  part,  near  the  Kansas  line. 
In  the  Gypsum  Hills  the  rocks  consist  chiefly  of  red  shales  with 
interbedded  deposits  of  massive  white  gypsum  and  dolomite.  With 
the  exception  of  the  formations  in  the  Gypsum  Hills,  the  rocks  of 
the  red  beds  do  not  differ  materially  from  those  farther  east,  being 
composed  chiefly  of  red  shales,  with  a  few  inconspicuous  sandstone 
members.  The  sand  hills,  also,  are  like  those  already  discussed,  the 
only  difference  being  that  toward  the  western  part  of  the  Territory 
the  Tertiary  deposits  are  more  pronounced  and  the  sand-hills  districts 
more  conspicuous. 

The  alternation  of  surface  deposits  of  sand  hills  and  red  beds  gives 
rise  to  a  peculiar  zonal  distribution  of  formations  noticeable  in  many 
parts  of  western  Oklahoma,  but  nowhere  better  exemplified  than  in 
Woods  County.  It  may  be  illustrated  as  follows:  In  passing  from 
the  Kansas  line  to  the  southwestern  part  of  the  county  one  will  cross 
successively  a  number  of  these  various  lithologic  zones.  On  the 
Kansas  line  is  found  the  typical  red  shales ;  a  few  miles  south,  north 
of  the  Salt  Fork,  one  enters  the  sand-hills  region,  a  strip  of  country 
here  about  10  miles  wide,  that  continues  south  to  the  river.    South^ 
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of  the  Salt  Fork  the  red  beds  again  appear  and  continue  for  20  mile^ 
or  more  across  the  divide  l)etween  the  waters  of  the  Salt  Fork  and  then:: 
Ciniiirroiu  until  finally  the  sand  hills  north  of  the  latter  stream  begiirr- 
to  apiHjar.  This  Mt  of  sand  hills  is  10  to  15  miles  across.  Theirr 
conies  the  red  IkkIs  s1oik»  south  of  the  Cimarron,  including  the  Gypsun*:' 
Hills,  while  on  top  of  these  hills  and  still  farther  southwest  lie  the^L 
sand  hills  on  the  north  slope  of  the  North  Canadian. 

Water  nupply. — The  water  conditions  follow  closely  the  lithologic-* 
conditions  in  this  as  in  other  Oklahoma  counties.     In  red  beds  area?=^ 
the  water  is  abundant,  but  often  hard;  in  the  sand  hills  it  is  botli^ 
abundant  and  soft,lind  in  the  region  around  the  Great  Salt  Plain,  ia 
the  eastern  part  of  the  county,  water  from  wells  is  often  salty,  while 
among  the  Gypsum  Hills  and  in  some  other  parts  of  the  county  gyp- 


Fkj    ;u».     section    at    Cln)    Springs.    Okln.      X-H,    nnl    Ix'ds-Tertlary    UDCoDformity : 
spring;  (\  IkhI  of  Kajile  Chief  i'rtH»k. 
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sum  \\{\Wv  is  found,  often  of  such  a  characttT  as  to  render  it  unfit  for 
use.     The  water  is  about  e([ually  divided  between  hard  and  soft. 

Woods  County  has  an  abundance  of  sju'ings,  most  of  which  are 
located  in  regions  of  Tertiary  rocks.  North  of  the  Salt  Fork  there 
tin*  scores,  perhaps  hundreds,  of  stiong  perennial  springs,  and  among 
th«»  sand  hills  north  of  the  Cimarron  they  are  equally  abundant.  Cleo 
Springs  (see  fig.  HO),  near  the  mouth  of  Eagh»  (Miief  Creek,  and  Elm 
Springs,  from  which  the  city  of  Alva  ol)tains  its  water  supply,  may  1h^ 
cit(ul  as  exani|)l<»s  of  Tertiary  springs.  There  are  springs  in  the  red 
]>eds  in  Woods  County,  and  sonu*  of  them  have  a  considerable  reputa- 
tion. In  the  vicinity  of  the  SaU  Phiins  there  are  a  nunil)er  of  salt 
springs,  ahhough  none  of  them  are  of  size  c()niparal)le  with  the  salt 
springs  in  Woodward,  Blaine,  or  (ireer  counties.  Clay  Creek  is  fed 
hirgely  by  springs,  Timberhike  Springs  were  famous  long  In^fore 
the  country  was  open  to  s(»ttU»ment,  Whitehorst»  Springs  supply  the 
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whole  township  with  water,  and  among  the  Gypsum  Hills  are  a 
niunber  of  perennial  springs.  Analyses  Nos.  79,  80,  81,  82,  83,  and 
S4  are  of  water  from  wells,  and  Nos.  143,  144,  145,  146,  147,  148,  and 
149  are  of  water  from  springs  in  Woods  County. 

Well  records. — Of  304  wells  reported  from  Woods  County,  148  fur- 
nish soft  water,  138  hard  water,  15  salty  water,  and  3  sulphur  water. 
The  average  depth  of  the  304  wells  reported  is  46  feet.     The  well 

records  on  page  170  show  the  water  conditions  in  various  parts  of  this 

county. 

BLAINE  COUNTY. 

Rocks    and   drainage, — Cimarron,    North    Canadian,    and    South 

Canadian  rivers  flow  southeast  across  Blaine  County.    The  Cimarron 

touches  the  northeast  corner,  the  South  Canadian  flows  for  15  miles 

through  the  southwest  corner,  while  the  North  Canadian  enters  at 

the  northwest  corner  and  flows  diagonally  across  to  the  southeast 

comer.    WTiile  the  Cimarron  flows  but  such  a  short  distance  through 

the  county,  it  receives  nearly  half  of  the  drainage.     This  is  due  to 

I  he  fact  that  the  valley  of  the  Cimarron  in  Oklahoma  is  from  200  to 

:^00  feet  lower  than  the  valley  of  the  North  Canadian.    Several  creeks 

of  considerable  size,  of  which  Salt  Creek  is  the  largest,  rise  among  the 

( ivpsum  Hills  and  flow  northeast  into  the  Cimarron.     The  North 

C^anadian  receives  a  few  short  tributary  creaks,  most  of  which  enter 

from  the  south,  and  drains  a  strip  of  country  about  20  miles  wide. 

An  area  of  perhaps  150  square  milas  in  the  southwestern  part  of  the 

county  is  drained  by  the  South  Canadian. 

The  rocks  of  Blaine  County  consist  of  Permian  red  beds  and  Ter- 
tiary and  Pleistocene  sands  and  alluvium.  The  northeastern  part  of 
the  county  is  included  in  the  Low  Plains  region,  and  the  remainder 
of  the  county  in  the  Gypsum  Hills  region.  The  Blaine  Gypsum  Hills, 
which  are  parallel  to  and  10  to  15  miles  south  of  the  North  Canadian, 
rise  like  a  wall  200  to  300  feet  above  the  level  prairie  to  the  east. 
Red  shales  make  up  not  only  this  flat  prairie  country,  but  also  the 
greater  part  of  the  slope  of  the  (ivpsuni  Hills,  while  on  top  of  the^se 
hills  and  between  the  bluffs  and  the  North  Canadian  lie  extensive 
.sand  hills.  Southwest  of  this  river  red  beds  again  appear,  the 
rocks  consisting  largely  of  the  Whitehorse  and  Day  Creek  members 
of  the  Woodward  formation.  On  Ked  Mill,  8  miles  northwest  of 
Geary,  is  one  of  the  best  exposures  of  Day  Creek  dolomite  in  the 
Territory.  Sand  hills  occur  again  along  the  north  slope  oi  the  South 
Canadian,  and  beyond  that  stream  red  beds  are  again  found. 

Water  mipply. — The  water  of  Blaine  County  varies  with  the  local- 
ity. In  the  sand-hills  region  it  is  good.  East  of  the  Gypsum  Hills, 
in  the  red  shale  country,  the  water  from  wellsc  ontains  a  comparatively 
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large  percentage  of  mineral  salts,  chiefly  gypsum.  South  of  the  Nortkrr^ 
Canadian,  also,  the  water  is  often  not  suitable  for  use.  North  of  botl^v 
Canadian  rivers,  in  the  sand-hills  country,  wells  usually  encounter'i 
good  soft  water  at  moderate  depths. 

Springs  are  common  among  the  Gypsum  Hills,  issuing  generalh' — 
from  above  shales  and  beneath  gj'psum  ledges,  but  in  such  a  case  the-=- 
water  is  often  so  strongly  impregnated  with  gypsum  as  to  be  unfit 
for  use.  In  the  bottom  of  one  of  the  deep  canyons  among  these  hills, 
4  miles  west  of  Ferguson,  are  a  number  of  springs  of  strong  salt 
water.  The  waters  of  these  springs  unite  and  form  a  plain,  which 
extends  for  several  miles  along  Salt  Creek.  There  is  enough  salt 
water  going  to  waste  in  this  region  alone  to  make  sufficient  salt  to 
supply  several  States,  The  best  soft-water  springs  in  Blaine  County 
are  found  among  the  sand  hills  north  of  the  streams,  and  these  springs 
as  in  other  counties  in  which  sand  hills  are  found,  are  generally 
strong  and  flow  the  year  round.  As  an  example  of  the  use  to  which 
a  Tertiary  sand-hills  spring  may  be  put  may  be  cited  the  case  of  the 
Rul)ey  Stucco-Plaster  Company,  at  Ferguson,  Okla.  Hie  cement  mill 
is  located  in  a  canyon  at  the  base  of  the  Gypsum  Hills  and  good 
water  was  not  available.  A  pipe  was  laid  from  a  spring  located  on 
a  hill  at  an  elevation  of  200  feet  above  the  plant  and  2J  miles  distant, 
and  an  ample  supply  of  water  was  obtained  for  boiler  and  domestic 
use.  Analyses  Nos.  3,  4,  and  5  are  of  water  from  wells  in  the  red 
beds  at  Geary,  Blaine  County,  and  Nos.  150  and  151  are  of  water 
from  salt  springs  at  the  head  of  Salt  Creek,  4  miles  west  of  Ferguson, 
Blaine  County. 

Well  records, — Of  108  wells  reported  from  Blaine  County,  63 
furnish  soft  water,  39  hard  water,  (>  salty  water,  and  the  average 
depth  is  ()0  feet.  The  10  records  on  page  15G  were  taken  from  all  parts 
of  the  county  and  represent  the  general  water  conditions. 

CADDO    COUNTY. 

Rocks  and  drainage, — Washita  River  flows  east  across  the  central 
part  of  this  county,  while  the  South  Canadian  touches  the  northeast 
corner,  and  Cache  Creek,  a  tributary  of  the  Red  River,  drains  sev- 
eral townships  in  the  southern  part.  The  chief  tributaries  to  the 
Washita  in  this  county  are  Sugar  and  Cobb  creeks,  both  of  which 
enter  from  the  north. 

Red  beds  constitute  the  greater  part  of  the  rocks  of  Caddo  County, 
and,  as  in  other  parts  of  the  Territory,  sandstones  and  clay  shales 
make  up  the  greater  part  of  the  red  beds.  In  Caddo  County,  how- 
ever, the  sandstone  greatly  predominates.  The  WTiitehorse  meml)er 
of  the  Woodward  formation  thickens  in  this  region,  giving  rise  to  a 
series  of  fine-grained  red  or  grayish  sandstones,  often  weathering 


WATER   CONDITIONS   IN    COMANCHE    COUNTY.  125 

into  conspicuous  buttes,  which  are  typically  exposed  on  the  high 
divide  between  the  Washita  and  South  Canadian  southwest  of  Bridge- 
port. (See  PI.  X,  4.)  In  the  southern  and  western  parts  of  the 
county  the  deposits  of  Greer  gypsum  outcrop  in  conspicuous  ledges  on 
hilltops.  So  far  as  known  there  are  no  extensive  deposits  of  Ter- 
tiary sand  in  Caddo  County.  It  is  true  that  there  are  sand  hills,  but 
they  are  composed  largely  of  sand  of  disintegration  from  the  White- 
horse.  In  the  southwestern  part  of  the  county  there  are  hills  com- 
posed of  Arbuckle  limestone,  the  northern  extension  of  the  Wichita 
uplift. 

Water  supply. — ^The  water  in  Caddo  County  is  generally  good. 
Wells  in  the  sandstone  usually  secure  soft  water,  although  in  certain 
parts  of  the  county,  notably  on  the  divide  between  the  Canadian 
and  the  Washita,  the  d^pth  to  water  is  often  as  muph  as  200  feet,  but 
the  water  when  found  is  almost  uniformly  pure  and  wholesome.  In 
the  gypsum  region  hard  water  predominates.  Springs  are  not  un- 
common in  Caddo  County,  although  over  considerable  areas  strong 
springs  are  rare.  The  water  which  percolates  through  the  fine- 
grained sandstone  comes  out  as  seeps  along  the  side  of  a  hill  or  in 
the  head  of  a  narrow  canyon.  In  the  limastone  hills  are  a  number 
of  strong  springs  which  issue  from  limestone  rocks.  Analysis  No.  6 
is  of  water  from  a  well  at  the  Anadarko  brickyard. 

Well  records. — Of  75  wells  reported  from  Caddo  County,  62  fur- 
nish soft  water  and  13  hard  water.  The  average  depth  is  88  feet. 
The  10  well  records  on  page  156  show  the  character  of  the  water  in  the 
various  parts  of  the  county. 

COMANCHE  COUNTY. 

Bocks  and  drainage, — With  the  exception  of  small  areas  in  the 
northwestern  and  northeastern  corner,  which  drain  into  the  Washita, 
Comanche  County  is  drained  by  Red  River.  Beaver,  Cache,  Deep 
Red,  and  other  creeks  are  the  principal  tributaries. 

The  main  range  of  the  Wichita  Mountains  lies  in  the  northwestern 
part  of  Comanche  County.  These  mountains  consist  largely  of 
Igneous  rocks — gabbro,  porphyry,  and  granite.  Xorth  of  the  main 
range  is  a  row  of  limestone  liills  containing  rocks  of  Cambrian  and 
Ordovician  age.  The  rocks  over  the  remaining  portion  of  the  county 
are  chiefly  red  bed  and  shales,  except  along  the  north  bank  of  Red 
River,  where  there  is  a  district  covered  with  sand  hills. 

Water  supply, — Comanche  County  is  well  watered.  Wells  which 
have  been  put  down  in  the  red  l)e(ls  encounter  water,  usually  of  good 
quality,  at  moderate  depths.  Springs  are  found  in  most  parts  of  the 
county.  Those  in  the  red  beds  are  usually  w^eak  and  uncertain, 
often  being  nothing  but  seep  springs.    Among  the  granite  and  lime- 
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stone  mountains,  however,  springs  are  abundant^  and  the  perennij^* 
streams  issuing  from  these  mountains  are  fed  by  the  springs.  Th.^* 
springs  among  the  lime^stone  rocks  contain  a  considerable  amount  o  -^ 
calcium  (•arlK)nate,  while  the  granite  springs  yield  very  pure  watei — ' 
Analyses  Nos.  25,  26,  27,  28,  29,  30,  31,  32,  33,  34,  35,  and  36  are  or 
water  from  wells;  Nos.  136  and  137  of  water  from  springs,  ajid  Nos^= 
134  and  135  are  of  water  fnmi  creeks  in  Comanche  County. 

Wrll  ircordn, — C)f  25  wells  reiK)rted  from  Comanche  County  IJr- 
furnish  soft  water,  7  hard  water,  and  the  average  depth  is  32  feet— 
Typical  water  conditions  are  given  in  the  10  well  records  on  page  158 

KIOWA  COUNTY. 

liorkH  and  drainngv. — The  North  Fork  of  Red  River  fonns  the 
western  line  of  Kiowa  County,  and  the  Washita  flows  througii  the 
northeast  corner.  The  drainage  of  the  greater  part  of  the  county  is 
carried  by  Elk  and  Otter  crei*ks,  which  flow  south  into  North  Fork, 
and  Rainy  Mountain  CnH»k,  which  flows  northeast  into  the  Washita. 
The  HK'ks  consist  chiefly  of  red  beds  and  granite,  the  latter  rock 
forming  the  we^^tern  extensi(m  of  the  Wichita  Mountains.  The  red 
IkhIs  consist  largi^ly  of  typical  red  clay  shale,  which,  in  localities  near 
the  mountains,  grades  off  into  conglomerate.  In  the  northern  part  of 
the  county  are  a  few  ledgi»s  of  dolomite  and  sandstone,  and  along 
North  Fork  are  localities  in  which  sand  hills  are  found. 

^Y(ltcr  "fffp/df/. — Water  is  obtaintul  from  wells  in  practically  all 
parts  of  the  county.  Its  (juality  varies,  luMng  usually  Iwtter  south 
of  the  mountains  than  north.  Springs  are  found  among  the  moun- 
tains, and  the  water  there  obtained  is  pure  and  sweet;  Otter  Ci'eek  is 
fed  largely  by  springs  of  this  kind.  Red  IkmIs  springs  are  also 
known,  but  as  a  rule  the  amount  of  flow  from  springs  of  this  kind 
is  not  gi'eat.     Analysis  No.  4S  is  of  water  from  a  well  at  Snyder. 

We//  records. — Of  3.")  wells  reported  from  Kiowa  County,  21  fur- 
nish soft  water,  12  hard  water,  and  2  salty  water.  The  average 
(lei)th  is  20  feet.  The  water  conditions  in  various  parts  of  the 
county  are  shown  by  w(»ll  records  on  page  104. 

GREER    COUNTY. 

Rorl'ti  and  dr(ih\a</(\ — (ireer,  the  southwestern  county  in  Okla- 
homa, lies  southwest  of  the  North  Fork  of  Ked  River,  and  all  the 
drainage  is  into  one  of  the  four  branches  of  the  Red — North  Fork, 
Kim  Fork,  Salt  Fork,  or  South  F'ork.  The  surface  is  generally 
level  with  the  excei)tion  of  canyons  in  the  (lypsum  Hills  along  parts 
of  Elm  Fork  and  Salt  Fork.  The  extremt*  western  (extension  of  the 
Wi<*liita  Mountains  lies  west  of  North  Fork  of  Red  River,  in  the 
northeastern  part  of  the  county. 
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The  rocks  are  mostly  rt^d  beds,  with  red  shale  predominating.  A 
v-ery  considerable  part  of  the  county  is  underlain  with  gypsum,  which 
ill  places  outcrops  along  the  sides  of  various  streams.  Sand  hills 
c»ccur  along  some  parts  of  lx)th  the  North  Fork  and  the  South  Fork. 

Wat<ir  supply. — As   Greer   County   has  more  gypsum   than   an}^ 
other  two  counties  in  the  Territory,  one  would  expect  to  find  hard 
water.     Wells  frequently  encounter  beds  of  gypsum  at  depths  rang- 
ing fnmi  20  to  100  feet,  and  in  such  cases  the  water  often  found  just 
beneath  the  gypsum  partakes  of  the  quality  of  that  mineral.     The 
jjprings  of  Greer  County  issue  usually  from  l)eneath  gypsum  ledges 
along  bluffs,  although   prairie  springs  are   not  unknown.     In  the 
western  part  of  the  county,  within  5  miles  of  the  Texas  line,  there  are 
two  salt  plains,  each  formed   from  salt  springs  which  issue  from 
the  bottoms  of  canyons  carved  into  the  Gypsum  Hills  south  of  Elm 
Fork.     For  a  numl)er  of  years  salt  has  been  nuuuifactured  on  both 
these  plains.     Sand-hills  springs  are  found  near  some  of  the  streams 
and  at  Granite  there  is  a  sulphur  sj)ring.     In  general,  the  water  of 
Greer  County  is  abundant  in  quantity  but   rather  undesirable  in 
quality. 

Well  records. — Of  152  wells  reported  from  Greer  County,  20  fur- 
nish soft  water,  109  hard  water,  and  10  salty  water.  The  average 
depth  is  70  feet.  The  well  records  on  page  102  show  the  varying  char- 
acter of  the  water  of  this  county. 

WASHITA  COUNTY. 

Rocks  and  drainage, — Washita  River  flows  southeast  through  the 
eastern  part  of  the  county  and  receiver  more  than  three- fourt lis  of  its 
drainage.  The  southwestern  corner  is  drained  by  Elk  Creek,  a 
northern  tributary  of  North  Fork  of  Red  River.  In  the  eastern  part 
on  both  sides  of  the  Washita  there  are  considerable  ledgi>s  of  gypsum, 
while  farther  west  sandstone  of  the  Quartermaster  formation  pre- 
vails. On  the  divide  between  Elk  Creek  and  the  Washita,  in  the 
western  part  of  the  county,  there  are  sand  hills.  Red  beds  consti- 
tute practically  all  the  rocks  of  the  county. 

Water  supply. — In  the  eastern  part  of  Washita  County  wells  often 
pass  through  gypsum  and  obtain  a  sup|)ly  of  hard  water  directly 
l)eneath  a  bed  of  it.  One  such  deposit,  penetrated  in  a  well  near 
Seger,  is  rc^ported  to  be  115  feet  thick,  the  thickest  so  far  known  in  the 
Territory.  In  the  western  part  of  the  county  good  water  is  obtained 
from  the  Quartermaster,  although  the  supply  is  sometimes  limited. 

Springs  in  Washita  County  are  principally  of  two  kinds — gypsum 
springs  and  sandstone  springs.  In  the  eastern  part  of  the  county  the 
water  from  g\^psum  springs  is  not  always  good;  water  from  the 
sandstone  springs  in  almost  (»very  instance  is  soft  and  whole.some^ 
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although  occasionally  limited  in  amount.  Many  of  the  gypscU^ 
springs  issue  as  bold  streams  from  beneath  heavy  ledges,  while  t:^^ 
sandstone  springs  usually  occur  as  seeps  from  the  fine-grained  saim^  ^ 
stone  along  the  heads  of  prairie  canyons. 

Well  records. — Of  60  wells  reported  from  Washita  County,  43  tv^m 
nish  soft  water,  13  hard  water,  and  4  salty  water.     The  avera^B 
depth  is  66  feet.    The  well  records  on  page  168  show  the  water  co 
ditions  in  this  county. 

CUSTER  COUNTY. 

Rockn  and  drainage, — The  greater  part  of  the  drainage  of  Cust  - 
County  enters  Washita  River,  which  flows  southeast  across  t^B 
county.  South  Canadian  River,  However,  crosses  the  northeast  co^ 
ner  and  Deer  Creek,  a  tributary  of  that  stream,  drains  the  easte^v 
part.  Beaver,  Barnitz,  Turkey,  Quartermaster,  and  other  creeks  a 
tributary  to  the  Washita.  The  surface  is  rolling,  the  streams  havir" 
cut  rather  deep  valleys  into  the  upland. 

The  rocks  arei  chiefly  of  red-beds  shales  and  clays.     In  the  westeET* 
part  of  the  county  the  Quartermaster  fonnation  is  well  developed 
and  in  the  eastern  and  central  parts  are  considerable  deposits  cyi 
gypsum.    Small  areas  of  Comanche  Cretaceous  rocks  are  found  in 
Custer  County,  but  are  of  no  importance  as  far  as  the  water  supply  is 
concerned.     Sand  hills  are  rare  in  Custer  County. 

Water  supply, — The  character  of  the  water  is  such  as  would  be 
expected  in  a  region  of  red-beds  shales  and  gypsums,  generally  con- 
taining mineral  salts  in  greater  or  less  amounts.  Wells  usually 
obtain  an  abundance  of  water,  however,  and  there  is  very  little  of  it 
that  may  not  l)e  used.  Springs  are  also  found,  but  not  in  large 
numbers.  In  the  Quartermaster  sandstone,  in  the  western  part  of  the 
county,  springs  typical  of  that  formation  occur — weak  seep  springs 
which  issue  usually  from  the  head  of  a  small  canyon  that  has  been 
cut  into  the  soft  sandstone.  The  water  from  these  springs  is  uni- 
formly good. 

Well  records, — Of  125  wells  reported  from  Custer  County  44  fur- 
nish soft  water,  80  hard  water,  and  1  salty  water.  The  average 
depth  is  74  feet.  Typical  conditions  are  shown  by  the  well  records 
given  on  page  158. 

DEWEY   COUNTY. 

Rocks  and  drainage, — The  South  Canadian  flows  east  through  this 
county  in  a  series  of  oxbow  bends,  while  the  North  Canadian  crosses 
the  northeast  corner.  Perhaps  three- fourths  of  the  drainage  empties 
into  the  South  Canadian,  although  the  creeks  tributary  to  this  stream 
are  usually  short  and  unimportant. 

The  rocks  are  largely  red  beds.    Sand  hills  occur  north  of  the 
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South  Canadian.  Among  the  red  l?eds  sandstone  is  rare,  the  greater 
part  of  the  rock  consisting  of  red  shales  interspersed  with  beds  of 
white  gypsum. 

^Yat€r  supply, — Wells  are  common  in  Dewey  County,  and  the 
water,  which  varies  much  in  quality,  is  usually  plentiful.  Springs 
are  found  chiefly  among  the  sand  hills,  where  the  water  is  both 
abundant  and  pure,  although  red  beds  springs  which  furnish  hard 
water  are  not  unknown.  Analysis  No.  37  is  of  water  from  a  well 
in  Dewey  County. 

Well  records. — Of  123  wells  reported  from  Dewey  County,  21  fur- 
nish soft  water  and  102  hard  water.  The  average  depth  is  93  feet. 
ITie  10  records  on  page  100  indicate  the  varying  conditions  of  the 
water  of  this  county. 

ROGER   MILLS   COUNTY. 

Rocks  and  drainage, — The  North  Fork  of  Red  River  forms  the 
southern  boundary  of  this  county,  and  the  Washita  flows  across  its 
northeastern  comer.  A  number  of  short  cre^^ks  emptying  into  these 
rivers  drain  the  entire  county.  Except  a  part  of  the  divide  between 
the  Washita  and  North  Canadian  rivers,  in  the  western  part 
of  the  county  where  Tertiary  sand  hills  are  found,  the  rocks 
consist  largely  of  red  beds  which  cover  practically  the  entire  county. 
The  greater  part  of  these  belong  to  the  upper  Quartermaster  for- 
mation of  the  Permian  and  consist  of  fine-grained  sandstone  and 
shales.  In  the  extreme  southern  part  of  the  county,  along  the  North 
Fork  of  Red  River,  gypsum  ledges  are  exposed  along  a  bluff  nearly 
200  feet  high  and  10  miles  long,  one  of  the  finest  exposures  known  in 
the  Territory. 

Water  supply. — With  the  exception  of  the  southeastern  part  of  the 
county,  in  which  gypsum  water  is  found,  soft  water  predominates 
throughout  Roger  Mills  County.  Wells  in  the  Quartermaster  forma- 
tion usually  secure  good  water,  although  in  limited  amounts,  while 
in  the  sand  hills  water  is  both  abundant  and  wholesome.  Springs 
which  occur  in  the  Quartermaster  are  usually  rather  weak  seep 
springs,  but  often  furnish  sufficient  water  to  supply  a  farm  with 
domestic  and  stock  water.  In  the  southern  part  of  the  county  are 
a  number  of  salt  springs,  while  in  the  western  part  Tertiary  springs 
are  not  unknown,  and  some  of  them  furnish  large  amounts  of  water. 

Well  records. — Of  47  wells  reported  from  Roger  Mills  County,  27 
furnish  soft  water  and  20  hard  watc^r.  The  average  depth  is  00  feet. 
Characteristic  water  conditions  are  shown  in  the  10  records  on 
page  168. 

IRB  148—05  M 9 
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DAY  COUNTY. 

Rocks  and  drainage, — The  South  Canadian  has  cut  a  broad  canyon 
through  this  county,  swinging  from  north  to  south  in  a  series  of  ox- 
bow bends,  and  across  the  southwestern  corner  flows  the  Washita, 
here  but  a  small  creek.     The  drainage  is  into  these  two  rivers. 

Red  clay  and  sandstones  of  Permian  age,  which  form  the  bed  rock, 
and  considerable  deposits  of  Tertiary  sand  and  clays  on  the  uplands, 
particularly  in  the  region  north  of  South  Canadian  River,  constitute 
the  rocks  of  Day  County.  The  valley  of  the  South  Canadian  has 
cut  its  way  through  this  upper  sand  and  clay  formation  into  the 
red-beds  clays  and  sandstones  below.  North  of  the  Canadian,  as 
well  as  in  the  region  between  this  river  and  the  Washita,  in  the  south- 
western part  of  the  county,  are  large  areas  of  sand  hills,  while  in 
the  southeastern  part  there  are  extensive  deposits  of  gypsum  among 
the  red  beds. 

Water  supply. — In  the  sand  hills  soft  water  is  found  in  all  the  wells, 
and  as  the  area  covered  by  these  hills  is  larger  than  that  occupied 
by  the  red  teds,  it  follows  that  in  this  county  the  water  is  usually 
good.  Springs  are  found  in  both  the  sand-hills  and  the  red-beds 
areas,  the  former  being  usually  strong  and  furnishing  good  water, 
while  the  red  beds  springs  are  usually  weak  and  the  character  of  the 
water  often  unsatisfactory. 

Well  records, — Of  28  wells  reported  from  Day  County  21  furnish 
soft  water  and  7  hard  water.  The  average  depth  is  84  feet.  Typical 
records  of  the  wells  of  this  county  are  given  on  page  160. 

WOODWARD   COUNTY. 

Rocks  and  drainage, — Woodward  County  is  drained  by  Cimarron 
and  North  Canadian  rivers.  The  former  stream  enters  the  northwCvSt 
corner  from  Beaver  Comity,  flows  southeast  for  10  miles,  passes  into 
Kansas,  and  after  flowing  a  distance  of  25  miles  in  that  State,  again 
flows  into  Woodward  County  and  continues  in  a  southeast  course  for 
40  miles  or  more  Ixifore  reaching  Woods  County.  North  Canadian 
River  is  formed  by  the  junction  of  Beaver  and  Wolf  creeks,  which 
unite  at  old  Fort  Supply,  near  the  center  of  the  county,  Beaver 
Creek  flownng  southeast  and  Wolf  Creek  northeast  to  form  this 
junction.  The  chief  streams  flow  ing  into  the  Cimarron  in  Woodward 
County  are  Doe,  Chimney,  Sand,  Long,  Traders,  and  Buffalo  creeks 
from  the  south,  and  Anderson,  Indian,  WTiitehorse,  and  Redhorso 
creeks  from  the  north,  all  of  which  rise  in  the  Gypsum  Hills.  Neither 
North  Canadian  River  nor  Beaver  Creek  have  any  tributaries  of 
importance  emptying  from  the  north  in  Woodward  County  for  the 
reason  that  the  north  slope  of  these  streams  is  covered  with  sand 
hills;  Kiowa,  Otter,  Clear,  Indian,  and  Persimmon  creeks  are  south- 
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era  tributaries  to  these  streams,  while  Wolf  Creek  has  a  number  of 
analler  creeks  emptying  from  both  north  and  south. 

In  Woodward  County  red  beds  are  exposed  along  the  streams, 
while  Tertiary  sand  covers  the  uplands.  Along  the  Cimarron  and 
its  tributary  creeks  Ix^ds  of  gypsum  outcrop,  and  the  entire  valley  in 
Woodward  County  is  but  a  broad  canyon  cut  into  the  Gypsum  Hills. 
Along  the  Xorth  Canadian  and  Beaver  (^reek  red  beds  are  exposed, 
especially  on  the  south  side  of  the  stream,  but  on  Wolf  Creek  the  red 
beds  are  mostly  hidden  and  only  Tertiary  rocks  are  found.  All  the 
divides  in  Woodward  County,  as  well  as  the  north  slope  of  the  North 
Canadian  and  Beaver  Creek,  are  covered  with  sand  hills  or  consist  of 
level  upland  capi>ed  by  Tertiary  rocks. 

Water  ^^(pj^^y- — Along  the  Cimarron  and  south  of  North  Canadian 
River  the  water  is  usually  obtained  from  red  beds,  and  in  consequence 
is  usually  not  good.  The  water  from  th(»  red  clay  is  sometimes  good, 
but  more  frcK|iiently  it  carries  so  nnicli  mineral  salts  as  to  be  unsuit- 
able for  house  use,  but  (m  the  uplands  and  the  north  slope  of  the 
North  Canadian  wells  put  down  in  the  Tertiary  formations  secure  an 
abundance  of  good  water.  On  some  of  the  uplands  the  wells  are 
200  feet  deep  or  more,  but  tbe  average  depth  of  the  wells  of  this  kind 
Ls  j)erhaps  not  more  than  75  feet. 

Springs  occur  both  in  the  red  beds  and  Tertiary  formations. 
Among  the  Oypsum  Hills  along  the  Cimarron  springs  issue  some- 
times from  l>eneath  heavy  ledges  of  gypsum  in  which  the  water  con- 
tains large  amounts  of  calcium  sulphate  in  solution.  In  the  northern 
part  of  the  county  there  are  two  regions  of  salt  springs,  the  largest  of 
which  inchide^  a  plain  8  miles  long  and  2  mile.s  wide,  from  which 
flows  a  stream  carrying  approximately  2  second  f(H»t.  The  Tertiary 
springs  of  Woodward  County  are  among  the  finest  in  the  Territory. 
The  Moscow^  Springs  on  the  Xorth  Canadian  have  long  been  famous, 
and  the  Rent  Canyon  Springs,  20  miles  north  of  Woodward,  form  a 
veritable  oasis.  Old  Fort  Sup|)ly  was  supplied  with  water  carried 
in  pipes  from  a  Tertiary  spring  ^^  miles  distant,  and  Woodward,  the 
county  seat,  obtains  its  water  supply  from  Tertiary  rocks.  Analysis 
No.  85  is  of  water  from  a  well  in  Woodward  County. 

TIV//  rerords. — Of  5:^  wells  reported  from  Woodward  County,  87 
furnish  soft  water,  15  hard  water,  and  1  salt  water.  The  average 
depth  is  5(>  feet.  The  well  records  on  page  170  show  the  typical 
water  conditions  in  this  county. 

BEAVER  COUNTY. 

Rocks  and  drawnge, — Heaver  County  (formerly  known  as  "No 
Man's  Land  "  or  the  "  Neutral  Strip  ")  extends  from  the  one  hun- 
dredth  to   the  one  hundred  and  third  meridian,  a  distance  of  165 
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miles  west  of  the  main  part  of  Oklahoma.  Its  width  is  35  miles. 
It  is  a  typical  part  of  the  high  plains,  apparently  flat  and  level  as  a 
floor,  but  in  reality  sloping  from  an  altitude  of  over  4,500  feet  at  the 
New  Mexico  line  to  about  2,000  feet  in  the  eastern  part  of  the 
county. 

Across  this  county  Cimarron  River  and  Beaver  Creek  flow  from 
west  to  east.  The  Cimarron  flows  across  the  northwestern  part  of 
the  county  for  50  miles,  then  goes  on  a  long  excursion  through  Col- 
orado anil  Kansas  and  returns  to  Beaver  County  25  miles  west  of 
the  eastern  line  of  the  county.  Except  for  a  distance  of  15  miles 
where  the  stream  tends  south  into  the  Panhandle  of  Texas,  Beaver 
Creek  flows  across  Beaver  County  from  end  to  end.  Both  of  the 
streams  have  carved  valleys  averaging  150  feet  in  depth  and  3  miles 
in  width,  and  tributary  civeks  are  now  at  work  dissecting  the  high 
table,  but  at  the  present  time  have  scarcely  more  than  commenced 
their  task.  Such  creeks  as  Duckpond,  Clear,  Palo  Duro,  Cold- 
water,  and  others  eriiptying  into  Beaver  Creek  from  the  south  have 
their  rise  in  Tertiary  springs  and  are  practically  perennial  streams. 

With  the  exi^eption  of  small  areas  of  red  beds  along  the  south  bank 
of  the  hirger  streams  and  some  outcrops  of  Cretaceous  rocks,  particu- 
larly in  the  extreme  western  part  of  the  county,  practically  all  the 
surface  rocks  of  Beaver  County  consist  of  formations  of  Tertiary 
age,  which  form  a  deposit  sometimes  as  much  as  400  feet  thick  above 
the  snbjaciMit  hmI  l)eils.  Along  the  streams  these  Tertiary  rocks  have 
hevu  Aveath(M*ed  away  and  form  sand  hills,  but  on  the  uplands  the 
surface  is  hard  and  firm. 

]Vat('r  stfpp/f/, — Beaver  County  has  gooil  water.  Wells  on  the 
upland  rarely  fail  to  obtain  an  ample  supply  of  pure,  wholesome 
water,  although  the  (](»pth  of  the  well,  often  from  100  to  250  feet, 
renders  the  water  difficult  to  draw;  accordingly  windmills  are  in 
almost  universal  us(»,  both  on  ranches  and  near  farm  houses.  There 
are  a  few  places  along  the  south  side  of  Beaver  and  Cimarron  where 
Avater  is  obtained  in  the  red  beds,  but  this  is  unconunon. 

Springs  are  found  in  Beaver  County  usually  issuing  from  Tertiary 
rocks,  and  as  is  the  usual  case  the  water  from  these  springs  is  always 
good.  Heavei*  Creek  and  its  tributaries,  perennial  streams,  are  fed 
by  springs  from  the  Tertiary. 

In  the  Dakota  sandstone  region,  in  the  western  part  of  the  county, 
there  are  both  wells  and  springs  which  furnish  soft  w^ater,  although 
the  Dakota  in  this  region  do<*s  not  supply  as  much  water  as  in  Kan- 
sas and  Nebraska.  Analyst»s  Nos.  1  and  2  are  of  w^ater  from  wells 
in  Beaver  County. 

nV//  records. — Of  20  wells  rej)orted  from  Beaver  County  10  furnish 
soft  water  and  10  hard  water.    The  average  depth  is  110  feet.    The 
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varying  character  of  the  water  conditions  is  shown  by  the  10  well 
records  on  page  156. 

IRRIGATION. 

GENERAIi  STATEMENT. 

Irrigation  in  Oklahoma  has  met  with  considerable  indifference,  or 
even  open  opposition,  on  the  part  of  many  of  the  people.  The  w^estern 
part  of  the  Territory,  in  which  irrigation  is  most  needed,  has  been 
settled  mainly  during  the  last  five  years,  and  in  that  time  the  rainfall 
has  been  greater  than  the  average,  and  the  crops  have  been  abundant. 
There  is  a  general  imj^ression  that  an  acknowledgment  that  irriga- 
tion is  needed  will  be  detrimental  to  the  interests  of  the  Territory,  and 
for  this  reason  in  many  places  the  matter  has  usually  met  with  a  cold 
reception.  During  the  last  few  months,  however,  jjublic  opinion  has 
in  a  large  measure  undergone  a  change,  and  communities  that  for- 
merly scouted  the  idea  are  now  asking  how  such  operations  may  be 
brought  about. 

In  Oklahoma  water  for  irrigation  may  be  obtained  from  rivers, 
from  reservoirs,  from  springs,  and  from  wells.  These  various  sources 
will  be  discussed  in  the  order  named. 

IRRIGATION  3?TROM  RIVERS. 

As  has  been  stated  in  another  part  of  this  report,  seven  rivers  flow 
southeast  across  Oklahoma,  but  for  the  greater  part  of  the  year  many 
of  these  streams  carry  comparatively  little  water.  Most  of  them  also 
have  sandy  banks,  and  for  that  reason  ditches  leading  across  the  bot- 
tom lands  would  lose  much  of  their  w^ater  by  seepage  or  would  soon 
become  sand  choked.  In  a  numlxT  of  places  where  dams  have  b(^n 
thrown  across  small  streams  and  the  channel  diverted  into  ditches  it 
Ls  necessary  to  remove  the  silt  from  the  ditch  every  few  months  or  to 
construct  a  new  one,  but  in  other  cases  where  there  is  no  sand  to 
otetnict  the  ditch  it  remains  open  from  year  to  year. 

It  must  be  remembered  also  that  while  the  normal  flow  of  Okla- 
homa streams  is  not  great,  they  are  all  subject  to  sudden  and  raf)id 
rises.  The  South  Canadian,  Red,  and  Cimarron  rivers,  in  particular, 
often  rise  10  feet  or  more  in  an  hour  and  remain  hank-full  for  several 
days,  when  the  water  gradually  subsides  and  the  channel  may  be  prac- 
tically dry  for  weeks.  These  sudden  rises  are  often  snflicient  to  tear 
out  any  dams  such  as  have  heretofon*  l)een  constructed.  On  account 
of  the  broad  and  shallow  valleys,  the  depth  to  bed  rock,  and  the  scar- 
city of  building  material,  mascmry  dams  are  practically  unknown, 
and  those  constructed  have  be(»n  of  piling,  plank,  logs,  loose  rock, 
earth,  brush,  etc.     (See  PI.  XXI,  B.) 

Along  Cimarron  River  and  Beaver  Creek,  both  of  which  are  sand- 
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filled,  and  often  sand-choked,  irrigation  has  been  carried  on  for  ^ 
number  of  years.  These  streams  have  both  been  carved  out  of  th- 
level  Tertiary  upland,  and  both  have  in  many  places  cut  entirely 
through  this  surface  formation  into  the  subjacent  red  beds.  Alouj^^ 
Beaver  Creek  the  red  beds  occur  almost  continuously  on  the  sout^ 
bank  of  the  stream  as  far  west  as  the  mouth  of  Palo  Duro  CreeLJ 
while  on  the  north  side  of  the  creek  there  are  sand  hills  which  extent 
5  to  10  miles  from  the  river.  In  other  words,  in  eastern  Beaver 
County  are  exhibited  the  phenomena  so  often  observed  alcmg  th 
rivers  farther  east,  viz,  a  strip  of  sand  hills  north  of  the  streaKi 
and  a  row  of  red  beds  canyons  south  of  it.  The  amount  of  wat^ 
in  Beaver  Creek  varies  gi'eatly  at  different  points  and  at  differed 
times  of  the  year,  so  that  any  estimates  as  to  amount  of  flow,  imle^- 
based  on  data  collected  through  a  series  of  years,  would  be  mislead 
ing.  Such  tributarie^s  as  Kiowa,  Cx)ldwater,  and  Palo  Duro  cari^ 
nearly  as  much  water  as  the  nuiin  stream  at  the  point  whei^e  tht — 
join  Beaver  Creek. 

There  are  numerous  small  irrigation  plants  all  along  the  streaiB-i 
of  Beaver  (bounty,  where  rude  dams  of  logs,  earth,  or  loost*  roc*/' 
have  been  built  across  the  creeks  and  the  water  diverted  frt)m  tlic 
channel  and  carried  out  over  the  bottoms  to  irrigate  small  fields  am/ 
gardens.  In  times  of  flood  these  frail  structures  are  washed  out 
aiid  often  not  rebuilt  for  several  months.  One  of  the  Ix^tter  cla<s 
of  stone  dams  was  washed  out  during  the  flood  in  May,  1903,  and 
had  not  l)een  rebuilt  the  following  August.  It  is  safe  to  estimate 
lliat  at  least  one  dam  is  prescMit  every  5  miles  along  Beaver  and  its 
larger  tributaries  as  far  west  as  (juymon.  It  is  the  universal  testi- 
mony of  persons  living  along  the  stream  that  the  water  taken  out 
for  irrigation  does  not  sensibly  diminish  the  flow,  and  the  explana- 
tion given  is  that  springs  come  in  all  ahmg  the  bed  of  the  stream. 
It  is  very  pr()l)al)le,  however,  that  this  is  due  largely  to  the  fact 
that  niiich  of  the  water  seeps  back  into  the  channel  and  the  stream 
is  thereby  replenished. 

The  character  of  Cimarron  Kiver  in  Beaver  County  does  not  differ 
from  that  of  Beaver  Creek.  Both  these  streams  have  cut  chanru^Is 
into  Tertiary  rocks,  and  in  places  into  the  red  beds  bc»low,  and  both 
are  fed  at  least  in  part  by  T(»rtiary  springs. 

The  most  successful  irrigation  plant  in  this  region  i*^  just  across 
the  Kansas  line  near  Englewood,  Clark  (\^unty,  Kans.,  but  the  water 
comes  from  the  Cimarron,  in  Oklahoma.  The  following  descrip- 
tion of  this  plant  is  taken  from  the  report  of  Mr.  W.  (i.  Russell : « 

The  principal  irrigation  development  in  this  part  of  tlio  country  has  lKH»n 
oarriiMl  on  l).v  ('.  I>.  Terry,  of  Knjjhnvood,  Kans.  AlK)ut  fonrtt^»n  years  ajjo  he 
constructed  a  ditch  from  the  (Mmarron  Ulver  to  irrijrato  his  lands  in  Kansas. 


«  Uussell,  W.  (i..  First  Ann.  Kept.  Reel.  Service,  V.  S.  (fe<jl.  Survey,  IDO.",,  j).  liTl. 


TBRIGATION    FROM   RI\rERS   AND   RESERVOIRS.  135 

He  bailt  a  sheet  pile  dam  across  the  ehaiinol.  c-oimistinj?  of  2-Inch  piling  driven 
to  a  depth  of  about  12  feet  in  tlie  sand.  Tlie  tops  were  lield  In  line  by  t>vo 
walingB  fastened  with  thret^eighth  incli  holts  through  the  piling  and  l)oth  strips. 
This  ditch  was  8i  miles  long  and  had  a  capa<-ity  of  about  14  second-feet.  It 
was  not  well  built  and  was  diilicult  to  maintain.  'The  total  cost  was  nearly 
$10,00CK  The  floo<Ls  tore  out  a  considerable  portion  of  the  dam,  filleil  the  chan- 
nel with  mind,  and  made  a  new  channel,  passing  around  the  remains  of  the 
dam. 

A  new  ditch  was  built  by  Mr.  Perry,  with  head-gates  lower  down  the  stream. 
in^ead  of  a  dam  for  diverting  the  water,  he  constructtnl  a  woo<len  stave  pii)e, 
:5i>  inches  in  diameter,  sunk  in  tlie  sand,  extending  from  the  headworks  diagon- 
^illy  ui>streaui.  This  was  \HH)  fet»t  long  and  was  plaiuied  to  extend  a  mile  or 
more.  Tlie  uud€»rside  of  the  i^ipe  had  perforations  throiigli  galvanizeil  sheet 
:n>n.  intende<l  to  admit  the  water.  The  pipe  was  partly  washed  out  l)efore  it 
wai*  tested  and  the  remaining  iM)rtlon  tilled  witli  sand.  Writer  was  obtained, 
however,  through  a  ditch  hea<iing  at  a  l)iiisli  dniii  l»elow  tlie  pipe.  The  ditch 
!u»w  in.  operation  is  7  mll(»s  long  and  cost  nearly  .iJ.'i.CHM).  iiicln<ling  the  wooden 
>tave  PU>^-  It  is  successful  and  discharges  :it  tlie  lower  end  into  the  old  ditch. 
Kxi»erinieiits  for  obtaining  the  so-calhMi  '*  underliow  "  could  prol^ably  be  made  at 
this  locality  with  goo<l  chances  for  success. 

Botweeii  Englewood,  Kans.,  aiul  Kenton,  Okla.,  are  a  niunl)er  of 
^niall  plants  where  water  is  taken  from  the  river  by  means  of  dams 
<if  stone,  earth,  or  lo^js,  and  west  of  Kenton  practically  all  the  water 
is  taken  from  the  Cimarron  and  its  tributary  creeks  and  used  for 
irrigation.  PL  XXI,  B,  shows  a  log-and-earth  dam  on  the  upper 
Cimarron. 

Along  Wolf  Creek,  in  Woodward  County,  and  certain  branchas  of 
Washita  and  Red  rivers  small  irripition  plants  have  been  erected 
from  time  to  time,  but  the  same  conditions  exist  as  in  Beaver  County, 
and  the  temporary  dams  are  usually  washed  out  by  every  flood,  and 
no  great  importance  can  be  attached  to  these  irri^ration  systems. 

One  fact  repirdin^  irrio:ati()n  from  Okhdioma  rivers  remains  to  be 
mentioned,  namely,  the  character  of  the  water.  Cimarron,  Salt  Fork, 
and  North  Fork  of  Ked  River  drain  re^j^ions  of  salt  springs  which 
render  the  water  too  salty  to  lie  of  any  use  for  irrio^ating  purposes. 
Salt  Fork  crosses  the  (Jreat  Salt  Plain  in  eastern  AVoods  County, 
and  below  that  i)oint  its  waters  contain  a  considerable  percenta<?e  of 
salt.  Cimarron  River  flows  throu<rh  two  salt  plains  in  northern 
Wo<xlward  County  and  receives  the  (lraina<rc  of  the  Blaine  County 
<H\t  plain.  The  salt  plains  of  Roarer  Mills  and  (ireer  counties  are 
drained  by  North  Fork  of  R(h1  River,  and  the  water  of  that  stream 
below  the  mouth  of  Elm  Fork  is  very  salty.  Besides  the  cases  men- 
tioned, the  water  of  the  other  Oklahoma  streams  is  suitable  for 
irrigation. 

IRRIGATION  FROM  RK8KRVOIRS. 

The  greatest  difficulty  in  the  construction  of  lar^e  reservoirs  in 
Oklahoma   is  that  so  few  available  sites  exist.     All  of  the  Uvvy;eY 
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streams  of  the  Territory  flow  for  practically  all  their  course  through 
broad  and  shallow  sand-filled  channels.  There  are  a  comparatively 
few  localities  where  streams  flow  through  narrow  gorges  and  masonry 
dams  niiglit  be  constructed.  Of  these  localities  the  most  satisfac- 
tory that  have  so  far  been  examined  are  located  in  the  Wichita  Moim- 
tains.  In  October,  1903,  the  writer,  in  company  with  Mr.  Bailey 
Willis,  of  the  United  States  Geological  Survey,  visited  the  most 
available  of  the  sites  in  these  mountains.  The  following  descriptions 
are  from  Mr.  Willis's  report : 

MEDICINE   BLUEF   SITE.* 

In  sec.  7,  T.  3  N..  R.  12  W.,  the  vaUey  of  Medicine  Bluff  Creek  Is  an  extensive 
bottom  Inud,  approximately  from  1  to  li  miles  wide  (50  feet  alwve  the  stream 
level.  The  stream  itself  has  moderate  fall.  Near  the  south  line  of  the  section 
the  valley  narrows  to  a  canyon  75  feet  deep  and  400  feet  wide  between  steep 
walls.  Beneath  the  wider  valley  the  rock  is  rather  imiiervlous  red  shale  and 
sandstone ;  in  the  canyon  it  is  granite,  more  or  less  jointed,  but  forming  a  fairly 
solid  mass,  suitable  for  the  foundations  of  the  dam.  The  stream  in  the  canyon 
runs  on  bed  rock. 

The  drainage  area  tributary  to  this  site  is  estimated  from  the  map  at  about 
00  square  miles.  The  waters  from  the  reservoir  might  be  conveyed  a  dis- 
tance of  10  miles  down  the  valley  to  Fort  Sill  and  thence  over  the  prairie  lands 
in  tlio  vicinity  of  Lawton.  The  height  of  the  dam  site  above  Lawton  is  200 
feet,  and  the  water  would  be  available  uiK)n  the  highest  prairies  of  the  nelgh- 
l>orh(X)d. 

Tlie  value  of  this  reservoir  site  Is  limited  l)y  the  small  area  tributary  to  It. 
Meilicine  Bluff  has  the  reputation  of  being  a  comparatively  constant  stream 
for  the  region ;  but  from  field  observation,  without  measurement,  it  would 
ai)pear  probable  that  the  greater  part  of  Its  tlow  throughout  the  year  could  be 
storeil  without  utilizing  the  entire  capacity  of  the  reservoir  site. 

The  waters  from  Medicine  Bluff  Creek  How  largely  from  granite  slopes  and 
so  far  as  thoy  are  derivtMl  fn^m  other  rocks  are  not  contaminated  by  gypsum 
or  alkali. 

IXnVEK    NARROWS   OF   OITER    CREEK.^ 

In  sec.  0,  T.  :i  N.,  U.  17  W.,  several  branches  of  Otter  Creek  assemble  In  a 
usually  flat  valley,  and  the  combined  stream  enters  a  canyon  about  200  feet 
wide  and  approximately  1(H)  fei»t  deep,  with  nearly  vertical  walls.  The  .condi- 
tions are  tlie  same  as  those  already  described  on  Medicine  Bluff,  except  that 
the  valley  alH)vo  the  canyon  Is  much  broader  and  shallower  and  the  canyon 
is  narrower.  It  is  estimated  from  the  maj)  that  tlie  drainage  area  of  Otter 
CrtM'k  trilnitary  to  this  reservoir  site  Is  about  125  scpiare  miles.  Surveys  have 
been  made  l)y  tlu*  Otter  Creek  Irrigation  Coni[>any  on  the  l)asls  of  a  dam  <>0 
feet  In  heiglit,  coiistructiHl  to  throw  the  water  over  the  lowest  iK)int  into  the 
divide  on  the  scmtheast,  and  according  to  Mr.  Mark  Kolierts,  the  originator  of 
the  plan,  tlie  area  IncludcHl  within  the  contour  at  a  level  of  the  top  of  the  00- 
foot  dam  is  0.(K)0  acres,  and  tlie  average  depth  of  water  in  the  reservoir  would 
be   about   20   feet.     Aneroid    readings   appear   to   agrt»i»   fairly    well    with    Mr. 
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^Op.  cit.,  p.  268. 
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Roberts*s  Htatements  of  the  ix>8ition  of  the  outline  of  the  reserroir,  at  least 
alonj^  the  route  by  which  it  was  crossed. 

The  area  to  be  Irrigated  by  the  water  which  may  be  thus  stored  lies  south  of 
Mountain  Park,  on  the  lower  course  of  Otter  Creek  and  along  Red  River.  The 
area  of  agricultural  lands  available  Is  probably  more  than  can  be  supplied  by 
the  drainage  basin,  which  it  Is  projiosed  to  utilize,  and  the  capacity  of  the 
renervoir  also  is  probably  sufficient  to  hold  the  water  that  can  l>e  stored  from 
that  basin. 

The  waters  of  Otter  Creek  flow  In  part  from  hills  of  igneous  rock,  but  In 
greater  part  from  areas  of  retl  lieds.  They  do  not,  however,  contain  any  notable 
quantity  of  gypsum  or  alkali. 

QUARTZ    MOUNTAIN    SITE.** 

Nortli  Fork  of  Red  River  is  joined  in  T.  5  X.,  R.  20  W.,  by  a  very  considerable 
stream  known  as  "  f^lni  Fork,"  the  waters  of  which  contain  a  large  amount  of 
srv'Iisum  an<l  i)n)bal>ly  of  other  salts.  Any  irrigation  i)lan  c<mtemplating  the 
ase  of  the  waters  of  North  Fork  of  Red  River  should  exclude  those  of  Elm  Fork 
on  this  account.  Al)ove  its  junction  with  VAm  Fork.  North  Fork  of  Red  River 
flowH  from  a  valley  in  the  red  bcnls  across  a  small  area  of  granite  in  the  east 
end  of  Quartz  Mountain.  The  narrowest  point  of  the  short  canyon  which  is  thus 
formed  in  tlie  eastern  part  of  sec.  22,  T.  f)  N.,  R.  20  W..  and  the  wider  valley 
j.bove  the  canyon  occupiers  sections  14  and  15.  The  canyon  has  a  minimum 
width  at  water  level  of  500  feet.  The  depth  to  granite  in  the  bottom  land  is 
imleterminate.  Fence  i)osts  are  sunk  in  retl  and  green  clays  of  the  reil  be<ls 
just  below  the  narrowest  part,  and  it  may  be  inferred  that  the  granite  Is  not 
rear  the  surface,  even  at  the  dam  site;  but  the  shales  and  sandstones  of  the 
red  beils  would  probably  afford  an  equally  substantial  foundation.  It  was  stated 
that  even  when  the  river  bed  is  otherwise  dry  there  is  always  a  pool  of  water 
next  to  the  granite  at  the  dam  site,  and  this  would  seem  to  indicate  that  the 
underflow  was  brought  to  the  surface  by  ledges  of  rock.  About  2(K)  yards 
west  of  the  canyon  there  Is  a  depression  in  the  granite  ridge  80  ft»et  above  the 
river,  and  this  would  limit  the  depth  of  the  reservoir  unless  a  supi)lementary 
(lam  were  placed  in  that  gap.  The  gai>  is  narrow  and  could  l)e  easily  controlled 
by  closing  it  with  the  dam  or  liy  utilizing  it  as  waste  way.  A  dam  80  feet  high 
would  back  the  water  u\)  the  valley  of  UchI  River  for  many  miles,  and  would 
ct>nstitute  a  reservoir  of  very  large  i)roiK)rtions.  The  foundations  and  walls  at 
the  dam  site  api)ear  to  be  ade(iuate  for  any  such  construction. 

The  drainage  basin  of  Red  River  tril)utary  to  tills  site  is  rouglily  estimated 
at  3.<XK)  square  miles.  Tlie  (piality  of  water,  even  in  tlie  niitunin  season,  is  good, 
although  slightly  saline  to  th(»  taste.  Tlie  water  from  tliis  site  could  most 
t^isily  he  conducted  across  Elm  Fork  and  sonthwestward  into  (JrtH^r  County. 
The  Otter  Creek  Irrigation  Conipsmy  projiosos,  however,  to  divert  nt  least  the 
fiood  waters  to  a  canal  extending  cast  from  the  al)ove-descril)ed  dam  site  to 
Te[K?e  Creek, -and  thence  across  to  Elk  Creek,  by  a  deep  cut  in  the  divide,  to 
the  basin  of  Otter  Creelx.  Surveys  for  this  purpose  were  <-oiitemplated  late  in 
October.* 


•Op.  clt..  p.  268. 

•Since  the  above  was  written  Mr.  (Jerard  H.  Matthes  and  other  en«:lneers  of  the 
Beclamatlon  Service  have  [)iir«u<Hi  extensive  Investigations  on  the  Wlchltu  Mountain 
rwervolr  sites.  The  results  of  their  work  will  l>e  found  in  Second  Ann.  Kept.  lied. 
Service,  U.  S.  Geol.  Survey,  1904,  pp.  412,  423. 
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PI.  XVIII,  .1,  shows  the  location  of  the  dam  site  at  Quartz  Moun- 
tain. 

CIMARRON    RIVER   SITE. 

On  the  Cimarron  River,  in  northeastern  Beaver  County,  Mr.  W.  G. 
Russell  (lescrilK^s  a  reservoir  site  as  follows :  ^ 

A  suggested  opiwrtunity  for  c'oustructlon  of  storage  works  has  been  ix>inttHl 
out  in  sec.  .TJ,  T.  5  N.,  U.  <>  E.  of  the  Cinmrton  meridian.  The  river  at  this 
point  passes  a  bluff  IM)  feet  or  more  higli.  To  the  south  the  overflowed  Ijottoni 
is  about  one-half  mile  wide,  and  to  the  north  the  ground  rises  graduaUy  for 
a  (juarter  of  a  mile  before  gaining  the  height  of  the  south  bluff.  A  dam  .30 
f(H»t  above  the  river  would  measure  about  one-half  mile  in  length,  and  one- 
lour  th  mile  additional  would  l)e  retiuired  to  complete  it  on  the  north  slope. 
'I'he  l)ottom  lands  increase  in  width  above  the  dam  site,  and  the  fall  of  the 
river  l>elng  approximately  8  feet  to  the  mile,  it  Is  estimated  that  a  reservoir 
could  be  created  about  8.5  miles  long  by  1  mile  wide,  having  a  capacity  in 
round  numlK»rs  of  35,000  acre-feet.  A  survey  has  not  lieen  made,  but  these 
figin-es  are  given  from  insi)ection  of  the  ground.  It  Is  believed  that  the  flow  of 
the  I'iniarron  River  is  suflicient  to  fill  this  reservoir.  Below  it  are  hinds 
situated  on  lK)th  sides  of  the  river.  It  is  claimed  that  there  is  an  impervious 
clay  lying  only  a  few  feet  below  the  bed  of  the  river  uix>n  which  a  dam  could 
be  formed.  A  structure  placed  at  this  iiolnt  must  be  built  presumably  of 
earth,  as  there  is  little  rock  in  sight.  On  the  tops  of  the  bluffs,  about  300  feet 
above  the  river,  are  fragments  of  a  jxirous  limestone,  which  may  be  used  in 
concrete*  or  for  revetment  on  the  sloi>es. 

The  construction  of  a  dam  across  the  Cimarron,  in  Beaver  County,  is  a 
(Iirti<*ult  undertaking,  and  one  which  nmst  l)e  given  careful  consideration. 
Little*  can  1k»  known  without  exi)ensive  surveys  and  borings  to  ascrertain  the 
character  of  the  foundations  and  the  proi»er  material  to  be  used  In  the  stnn-ture. 

I  TILIZATION  OF  STORM  WATERS. 

In  addition  to  the  sites  mentioned,  all  of  which  are  located  on  rivers, 
there  are  in  western  Oklahoma  hundreds  of  places  where  small  dams 
Plight  he  thrown  across  small  watercourses,  draws,  or  arroyos,  form- 
in<i:  a  rostTvoir  for  the  storing  of  storm  waters.  In  many  instances, 
such  reservoirs  could  he  so  located  as  to  irrigate  many  acres  of  fertile 
huul  now  too  dry  to  yieUl  satisfactory  crops. 

Sonic  of  the  difficulties  are,  first,  relatively  small  amounts  of  rain- 
fall; siM-ond,  the  great  evaporation,  and  third,  sandy  character  of  the 
soil.  The  rainfall  of  Beaver  County  varies  from  20  inches  in  the 
eastern  part  to  less  than  10  inches  near  the  New  Mexico  line.  The 
greater  part  of  this  precipitation  usually  falls  during  a  few  heavy 
downpours,  amoimting  often  to  cloud-bursts,  while  for  months  at  a 
times  almost  no  rain  will  fall.  A  difficulty,  of  course,  is  that  after  a 
heavy  rain,  any  but  the  most  strongly  constructed  dams  will  be  washed 
out. 

There  an*  few  data  available  as  to  the  amount  of  evaporation  in  ih? 
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region  under  discussion,  but  it  amounts  to  at  least  6  feet  per  year  in 
the  western  portion  of  the  Territory.  As  stated  by  Johnson  and 
others,  there  are  large  areas  where  there  is  practically  no  run-off,  the 
drainage  flowing  down  shallow  draws  into  playa  lakes.  Areas  of 
many  square  miles  are  as  flat  and  level  as  a  floor,  and  the  water  that 
falls  remains  on  the  surface  of  the  ground  until  it  is  evaporated. 

In  a  region  of  this  kind,  with  high  ^ummer  teni|x»rature  and  almost 
constant  wind,  it  would  be  expected  that  a  large  proportion  of  water 
collected  in  reservoirs  would  soon  be  evaporated.  Lakes  on  the  Plains 
usually  go  dry  during  the  summer,  and  the  same  conditions  obtain 
in  artificial  reservoirs,  except  that  these  can  be  made  of  sufficient 
depth  to  provide  a  surplus  of  water  beyond  the  evaponition. 

Much  of  the  soil  in  this  region  is  sandy,  particularly  along  the 
streams  where  reservoirs  nnist  usually  be  constructed.  In  the  sand- 
hill districts  there  is  practically  no  run-off;  the  water  is  either 
evaporated  or  soaks  into  the  soil,  and  it  goes  without  saying  that  it 
is  usele^ss  to  locate  a  reservoir  in  such  a  locality. 

Notwithstanding  the  objections  cited  in  the  preceding  paragraphs, 
however,  there  are  plenty  of  places  in  central  and  western  Oklahoma 
where  a  reservoir  a  few  acres  in  extent  might  be  profitably  con- 
structed which  would  afford  usefid  water  storage.  The  writer  does 
not  venture  an  opinion  as  to  whether  such  projects  would  be  profit- 
able. The  problem  is  one,  however,  that  should  be  carefully  investi- 
gated. 

IRRIGATION  FROM  SPRINGS. 

At  best,  irrigation  from  springs  can  be  but  local,  on  account  of  the 
relatively  small  amoiuit  of  water  supplied  from  even  the  strongest. 
Of  the  various  classes  of  springs  in  Oklahoma,  the  water  from  red 
beds  and  Tertiary  springs  only  is  used  for  purposes  of  irrigation; 
in  by  far  the  greater  number  of  instances  a  Tertiary  spring  is  so 
used.  As  has  l)een  stated  in  another  part  of  this  report,  the  supply 
from  these  springs  is  practically  inexhaustible,  the  amount  from  a 
single  one  often  approximating  several  second-feet.  The  (quality 
of  the  water  leaves  little  to  be  desired,  being  usually  pure,  sweet,  and 
free  from  mineral  salts.  The  chief  difficulties  in  the  way  of  irriga- 
tion from  these  springs  are  those  of  location.  Tertiary  springs 
Issue  almost  invaribly  along  the  line  of  unconforniity  between  the 
red  l)eds  l>elow  and  the  Tertiary  above,  as  shown  in  figs.  t29  and  30, 
and  usually  in  a  canyon  or  along  a  blutf  where  the  country  below  is 
so  rough  and  broken  that  in  most  cases  the  water  can  not  be  utilized. 
In  a  numl)er  of  instances,  however,  the  water  from  one  of  these 
springs  is  led  out  over  a  garden  or  orchard.  The  table  given  here- 
with (p.  140)  sets  forth  the  location  of  areas  irrigated  from  springs 
so  far  as  ascertained  by  the  writer. 
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Water  from  Tertiary  springs  is  utilized  in  another  way,  namely, 
as  a  source  of  city  supply.  At  Alva  the  water  from  Elm  Spring, 
3  miles  away,  is  carried  in  a  pipe  by  gravity  to  the  north  part  of  the 
city,  ^nd  then  forced  by  a  pump  into  the  water  mains  and  carried  to 
all  sections  of  the  city.  Old  Fort  Supply  obtains  its  water  from  a 
Tertiary  spring  3  miles  away  across  Beaver  Creek,  the  water  being 
carried  in  a  6-inch  main.  W^oodward,  Grand,  Beaver,  and  other 
county  seats  in  the  western  part  of  the  Territory  are  supplied  either 
from  Tertiary  wells  or  Tertiary  springs. 

Irrigaiion  from  springs  in  Oklahoma, 


Name  of  owner. 


John  Comvine 

W.E.MlUer 

Jacob  Eckart 

A.  L.  Mcpherson 

8.  A.  Pollock 

J.E.PltzUn 

A.  C.  Grimes 

L.P.LaBrue 

Wm.Croinc 

M.  L,  Bodenheimer . 

Levi  Manning 

F.M.  Matthews 

M.L.GuflFey 

Adam  Walck,  »r 

C.N.Jett 

Do 


Town- 
ship. 


^^-'^n. 


IW. 
16  W, 
21  W. 
21  W. 
21  W. 

uw. 

14  W. 
9W. 

8W. 

low. 
low. 

9W. 
9W. 
4W. 
9W. 

low. 


Irriga- 
tion   I 

tion. 


Kind. 


13 


14  ' 

4I 

8 
86 

9 
20 

9 
L5 
33 

4 

6 

2 
36 


8W.      Tertiary . 

NE.    ' do.... 

NE do.... 

do.--. 

do.... 

NE.     do.i-. 

....do.... 

....do.... 

....do... 

Red  bed.. 
NE.    I  Tertiary . 

NE.     do.... 

8W.    I do.... 


Acres. 


8W. 

NW. 
8W. 
SE. 


NE. 
NW. 
NE. 


Red  bed. 
....do... 
do... 


12 


.  Crops  irrfipated. 


Gharden. 


Garden  and  oix:hard. 

Gkirden. 

Produce  and  orchard. 

Garden. 

Orchard. 

Gai*den  and  orchard. 


Orchard. 
Garden. 


IIIRICIATIOX  FROM   W^I.T^8. 

In  a  great  part  of  western  Oklahoma  there  is  sufficient  underground 
water,  if  it  werc  brought  to  the  surface,  to  irrigate  considerable  areas. 
The  difficulty  here  is  that  no  cheap  method  has  yet  been  devised 
whereby  sufficient  underground  water  may  be  elevated  from  consider- 
able depths  to  be  of  practicable  importance.  Windmills  seem  to  fur- 
nish the  simplest  solution  of  the  problem,  and  considerable  literature 
has  already  accunudated  on  the  subject.**  PI.  XV  gives  types  of 
Oklahoma  windmills. 

In  western  Oklahoma  a  great  part  of  the  water  lies  at  depths  of  100 

"  For  a  discuKsion  of  the  reliitlon  of  windmills  to  water  supply  the  reader  is  rcferroil 
to  the  following;  numbers  of  the  Water-Supply  and  Irrigation  Papers  of  the  U.  S.  Geolog- 
ical Survey  : 

No.  1.   Pumping  water  for  Irrigation,  Ilerljort  M.  Wilson,  1800. 

No.  8.   Windmills  for  Irrigation,  i\  K.  .Murphy.  1807. 

No.  14.   Now  tests  of  certain  pumps  and  water  lifts  used  in  irrigation,  O.  P.  Hood.  180S. 

No.  20.   Kxperiments  with  windmills.  T.  O.  Perry,  1800. 

No.  20.   Wells  and  windmills  in  Nebraska.  K.  H.  Barbour,  1800. 

Nos.  41  and  42.  The  windmill,  its  efficiency  and  economic  use,  E.  C.  Murphy,  1001. 


CLIMATE. 
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to  400  feet,  and  windmills  have  so  far  proved  inadequate  to  the  task 
of  Hfting  sufficient  quantities  of  water  for  irrigation  purposes. 
Farms  and  ranches  are  supplied  by  windmills,  and  in  certain  parts  of 
Oklahoma  to-day  lone  windmills  are  the  only  signs  of  civilization, 
but  in  most  cases  all  efforts  to  secure  a  greater  supply  of  water  than 
is  necessary  for  stock  and  domestic  purposes  has  proved  a  failure. 
The  problem  is  one  that  deserves  attention  and  which  may  in  time 
yield  practical  results. 

CLIMATE. 

Eastern  Oklahoma  lies  in  the  humid,  western  Oklahoma  in  the 
seniiarid,  and  extreme  western  Beaver  Countv  in  the  arid  lx?lt  of  the 


■"'^^ 


Fig.  31. — Map  showing  the  arid,  semlarid.  and  humW  regions  of  the  United  States. 

United  States,  as  these  belts  are  usually  demarked  (see  fig.  31).  In 
the  Osage  Nation  and  the  eastern  tier  of  counties  the  annual  precipi- 
tation for  the  last  ten  years  has  averaged  about  85  inches.  In  central 
Oklahoma  during  the  same  time  the  average  has  been  30  inches,  along 
the  western  line,  exclusive  of  Heaver  County,  25  inches,  and  in  the 
western  part  of  this  county  the  annual  rainfall  has  not  exceeded  15 
inches  (see  fig.  32). 

In  the  eastern  part  of  the  Territory  the  rainfall  is  not  only  more 
abundant,  but  it  is  also  more  evenly  distributed.  As  a  general  thing 
rain  falls  during  every  month,  but  on  the  average  there  are  more  than 
175  clear  days  in  the  year,  while  days  with  0.1  inch  precipitation  will 
not  average  more  than  70  each  year.  On  the  high  plains  the  pre- 
cipitation is  neither  regular  nor  abundant.  For  months  at  a  time 
there  may  be  practically  no  rainfall,  when,  again,  during  a  heavj 
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storm,  often  amounting  to  a  cloud-burst,  a  level  plain  will  be  cov- 
ered with  several  inches  of  water. 


Fi<3.  32. — Map  showing;  the  mean  annual  rainfall  of  the  United  States. 

The  mean  annual  temperature  for  ten  years  has  been  59°,  varying 
from  55''  in  Beaver  County  to  62°  in  Comanche.  The  winters  are 
mild  and  the  heat  of  the  summers  tempered  by  ahnost  constant 
breezes. 

watp:r  analyses. 

METHOD. 

The  cah'inm  oxide,  magnesium  oxide,  sulphuric  anhydride,  chlo- 
rine, and  solid  residue  are  determined  in  the  usual  way,  using  Cheever 
and  Smith,  Sutton,  Cairns,  and  Mason  as  guides.  The  carbon  dioxide 
is  not  estimated,  hut  is  calculated  by  differences. 

Tn  general,  in  this  report,  the  metals  in  their  combination  with  the 
acids  are  taken  in  the  following  order:  Calcium,  magnesium,  sodium. 

In  their  coml)ination  with  the  metals  the  acids  are  taken  in  order 
as  follows:  Sulphuric  acid,  hydrochloric  acid,  carbonic  acid. 

These  combinations  are  only  hypothetical,  yet  they  can  not  fail  to 
give  a  better  idea  of  the  constituents  of  the  water,  and  it  is  merely 
for  this  purpose  that  such  combinations  have  been  made. 

DEFINITION    OF   TERMS. 

That  the  general  reader  may  more  readily  understand  the  analyses 
given  below,  the  following  definitions  and  explanations  of  terms  are 
given : 

Grifhs  per  (fallan, — The  number  of  grains  per  United  States  gallon 
are  determined  from  the  parts  per  million  on  the  basis  that  "  1  United 
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States  gallon  of  pure  water  at  60°  F.,  weighed  in  air  at  60°  F.  at 
atmospheric  pressure  of  30  inches  of  mercury,  weighs  58,384.946 
grams."  « 

Common  nnmes, — Calcium  sulphate  is  gypsum,  and  in  its  dried 
form  is  commonly  known  as  plaster  of  Paris;  calcium  carbonate  is 
limestone;  magnesium  sulphate  is  Epsom  salt;  sodium  sulphate  is 
Glauber's  salt;  sodium  chloride  is  common  salt;  sodium  bicarbonate 
IS  common  baking  soda.  All  the  remaining  salts  occurring  iii  the 
analyses  have  no  common  names. 

CX)MPARISON  OF  REU-BEDS  WELLS. 

To  show  the  great  variations  in  the  supply  and  quality  of  waters 
from  the  red  beds,  even  in  the  same  locality,  eight  wells  within  a 
radius  of  two  blocks  in  the  city  of  Norman,  Okla.,  have  been  taken 
as  an  example. 

Comparative  table  shounng  i^ariation  of  red-beda  waters. 
[I'jirts  per  miilion.  ] 


Sample 
No. 


8. 
10 


12. 
13. 


How  put 
down. 


Dug  .. 

...do.. 
Drilled. 
...do-. 


Kind  of  Toc^s.. 


Total 
depth. 


Depth    Depth 

to  of 

water,   water 


Feet. 
16 


Variation  of     | 
water  depth  at    Amount  of  wa- 
different  times  ter. 

of  year. 


Dug  - 

...do 
....do 


14. 


.do 


Feet. 

Feet. 

beds.. 

28 

12 

do  .... 

30 

25 

do  .... 

50 

14 

do  .... 

20 

16 

do    ... 

23 

14i 

do  .... 

25 

21 

do.... 

23 

21 

do  .... 

24 

21 

None 


36 
4 


Very  slight  . 

None  - 

Very  slight  . 


8i  Considerable 

4    ....'do I 

2    do     I 

3    do 


Not  easily 
lowered 

Do. 

Do. 

Qnite  easily 
lowered. 

Not  easily 
lowered. 

Do. 

Qnite  easily 
lowered. 

Do. 


Sample  No. 


Calcium 
oxide. 


115.0 
122.0 
242.0 
152.0 
53.0 


Magne- 
sium 
oxide. 


Sulphuric 
anhydride. 


I 


Chlorine. 


9 

10 

11 

12 I     174.0 

13 137.0 

14  1     137.0 

I 


9.0 
60.0 
220. 0 
139.0 
43.0 
96.0 
96.0 
63.0 


271.0 

256. 0 
1,129.0 

709. 0 
68.0 

236.0 
58.0 
50.0 


160.0 

60.5 

, 185. 0 

750.0 
33. 0 

104.0 
89.5 
54. 5 


Total  rosi-     Normal      Carbon 
due.         hardui'HK.    dioxide. 


945.  0 

621.0 

4,365.0 

2,  980.  0 

572.0 

1,099.0 

856. 0 

641.0 


5S.  5 

53.  3 

1.3 

3.9 

9.6 

14.3 

11.7 

14.3 


146.0 
121.8 
147.0 
None. 
124.0 
146.0 
170.0 
130.0 


«  Mason's  Examination  of  Water,  2d  ed.,  1001,  p.  93. 
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The  wells  selected  are  Nos.  7  to  14,  inclusive,  in  the  general  rep(»rt 
of  analyses. 

SanipH*  No.  7  is  a  dug  well,  28  feet  in  depth.  In  this  the  depth  of 
water  is  10  feet.  No.  8,  less  than  a  block  from  No.  7,  is  30  feet  in 
depth  and  has  but  5  feet  of  water.  'The  supply  of  water  in  both  is 
practically  constant  the  year  around  and  is  not  easily  lowered  by 
excessive  use.  In  calcium  oxide,  sulphuric  anhydride,  normal  hard- 
ness, and  carbon  dioxide  Nos.  7  and  8  differ  but  slightly.  However, 
in  magnesium  oxide  No.  7  is  very  low  and  No.  8  is  comparatively 
high,  while  No.  7  greatly  exceeds  No.  8  in  chlorine  and  total  solid 
residue.  These  differences  are  remarkable  because  the  geologic  and 
sanitary  surroundings  of  the  wells  are  apparently  the  same. 

Nos.  10  and  11  also  make  an  interesting  comparison.    No.  10  is  20 
feet  deep,  varies  but  slightly  in  water  depth  at  different  times  of  the 
year  and  is  easily  lowered  by  excessive  use.    No.  11,  distant  from  No- 
10  by  but  a  little  more  than  the  width  of  a  street,  is  23  feet  deep- 
contains  8^  feet  of  water,  varies  considerably  in  water  depth  at  dif - 
ferent  times  of  the  year,  and  is  not  easily  lowered  by  excessive  use- 
With  a  difference  of  but  3  feet  in  depth,  and  so  close  together,  th^ 
difference  in  the  amount  of  water  constituents  is  worthy  of  notice- 
In  No.  10  the  calcium  oxide,  magnesium  oxide,  and  solid  residue  an^ 
about  five  times  that  of  No.   11,  while  the  sulphuric  anhydride  is^ 
al>out  ten  times  and  the  chlorine  twenty-five  times  as  much.     The^ 
nornuil  hardness  of  each  is  small,  but  that  of  No.  11  is  more  than 
twice  that   of  No.   10,  which  has  no  carbcm  dioxide  as  carbonate^s, 
while  No.  11  has  a  fairly  large  amount.     It  might  l>e  noted  here  that 
No.  11  runs  lower  in  nearly  all  the  tests  than  any  other  water  taken 
for  comparison. 

In  the  same  block  with  No.  11  are  wells  Nos.  12,  13,  and  14,  occur- 
ring ill  the  order  given.  The  width  of  the  two  lots  separates  wells 
No.  11  and  No.  12.  The  depths  of  these  wells  are  practically  the  sjune. 
yet  in  No.  12  tiie  solid  constituents  greatly  exceed  in  amount  those  ot 
No.  11,  ruiniing  especially  high,  comparatively,  in  calcium  oxide, 
.sulphuric  anhydride,  chlorine,  and  solid  residue.  Wells  Nos.  12 
and  IH  are  sejxirated  by  about  the  width  of  one  lot  and  differ  by  but 
2  feet  in  depth.  In  No.  18  the  calcium  oxide,  chlorine,  solid  residue, 
and  nornuil  hardness  are  but  slightly  less  than  in  No.  12;  the  mag- 
nesium oxide  is  the  same  in  both:  the  carl)on  dioxide  in  No.  13  is 
higher  than  in  No.  12,  but  the  most  noticeable  difference  is  that  of 
the  sulphuric  anhydride,  which  in  No.  J  3  is  hut  about  one-fourth  of 
that  in  No.  12.     No.  14  differs  but  little  from  Xos.  11  and  13. 

All  of  the  wells  so  far  compared  have  l)(»en  between  20  and  30  foet 
in  depth.  It  may  therefore  be  of  interest  to  include  one  deeper  well. 
For  this  comparison  No.  0  will  answer  the  purpose.     Both  No.  9  and 
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).  10  are  on  the  same  lot,  about  40  feet  apart.  No.  9  is  a  drilled 
11  50  feet  in  depth  and  contains  36  feet  of  water.  It  might  be  well 
note  in  this  connection  that  good  water  was  struck  at  14  feet  and 
a  depth  of  40  feet  salt  water  was  encountered.  This  lower  stream 
water  has  rendered  the  well  altogether  unsuitable  for  drinking 
rposes.  In  this  water  the  calcium  and  magnesium  oxides  are  con- 
lerably  higher  than  in  any  other  of  the  waters  taken  for  compari- 
u  while  the  sulphuric  anhydride,  chlorine,  and  solid  residue  are 
^essively  high. 

All  other  deep-well  waters  from  this  section  of  the  country  which 
ve  been  analyzed  have,  like  No.  9,  run  exceedingly  high  in  sul- 
uric  anhydride,  chlorine,  and  solid  residue.  These  deep-well 
Iters  also  vary  greatly,  although  ])erhaps  not  so  noticeably  as  the 
iters  from  the  shallower  wells. 

The  wells  used  in  the  above  comparison  may  l)e  considered  as 
pical  of  all  the  wells  having  their  origin  in  the  red  beds.  For  gen- 
al  domestic  purposes  the  shallow  wells  are  the  more  satisfactory,  al- 
ough  few  of  these*  contain  water  which  can  be  classed  as  really 
lod.  In  short,  the  red  l)eds  make  a  j^oor  and  unreliable  source  of 
iter  supply. 
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WELL  RECORDS. 

On  the  following  pages  are  given  descriptive  notes  of  10  wells 
from  each  of  the  26  counties  in  Oklahoma.  These  data  were  obtained 
by  a  complete  canvass  of  all  available  sources  of  information,  mainly 
bv  schedules  sent  by  mail.  Returns  from  over  5,000  wells  were  re- 
ceived from  all  parts  of  the  Territory,  probably  representing  all 
clas.ses  of  wells.  In  the  selection  of  data  presented  in  the  table  care 
was  taken  to  include  only  those  which  were  most  typical  for  each 
general  locality  and  which  represented  ordinary  conditions.  It  is 
believed  that  these  records  sliow  the  typical  hydrologic  conditions 
for  the  Territory,  although  in  some  cases  there  are  local  conditions 
which  may  differ  more  or  less  widely  from  those  indicated. 

In  several  instances  there  has  Ix^en  considerable  difficulty  in  ascer- 
taining the  geological  horizon  of  the  water-l)earing  stratum,  and  for 
that  reason  the  statements  given  in  the  column  headed  "  Geological 
horizon  "  are  to  he  accepted  only  tentatively.  Where  the  term  "red 
beds  •'  is  used,  it  is  to  \)e  understood  in  the  sense  of  the  Pennsylvanian 
red  beds.  ^\Tien  the  well  is  located  in  the  undoubted  Permian,  that 
word  is  used.  It  will  Ixi  observed  that  in  general  wells  in  the  Ter- 
tiary and  the  (Pennsylvanian)  red  beds  contain  soft  water,  while 
those  in  the  Permian  yield  hard  water,  but  in  a  few  localities  the 
conditions  are  exceptional  in  that  respect. 

The  height  of  the  water  level  in  the  wells  as  given  in  the  table 
i.<  in  some  cases  only  approximate,  for  usually  there  has  been  no 
means  for  accurately  measuring  it.  Moreover,  there  is  often  more 
or  less  variation  in  the  level  from  year  to  year,  and  the  present  level 
may  lie  different  from  the  one  found  at  the  time  of  observation. 
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Oklahoma 


30 
♦31 


do Ilinton i  Allen  N.  Hubbard. 

Canadian I  Elreno  ..." i  N.J.  Meyers. 


*  See  notes  at  end  of  this  table. 


a  City. 
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veUrecordn. 


How  ob- 
tained at 
surface. 


Quality. 


Supply :    Increase  or 

JHT     i    decrease  of 
nute.        supply. 


I  Mill  and     Hard 
I    pump.        I 

! do do 

Pump Soft 

I 

IMill  and     Hard  . 
pomp. 

Pump Soft  .. 

Mill   and    ....do. 
I    pump. 

do do  . 


Gals. 


0.5 
32.0 


Bucket  

Mill  and 
{    pump. 

do j 


10.0 
10.0 


...do... 
...do...! 


...do... 


4.0 


Bucket I  Hard...!       .08 

Steam  pump;  Gypsif . . ;  4.  R 

Soft I  1.26 

....do... 


Mill  and 
pump. 


..do. 


Decreased  (?) 

Neither 

do 


Eflfectof 

pumping  on 

level  of 

water. 


Oeoiogical 
horizon  of 
well  mouth. 


Easy  to  lower    Permian 


No  eflect I do  . 


Geological  hori- 
zons of  water- 
bearing strata. 


Permian . 


No. 


.do. 


Not  easy  to  !  Tertiary .  Tertiar>' . 

lower.  I 


.do. 

.do. 
.do. 

.do. 


. . .  .do  . 
....do. 


do.... 


j  Bucket 

LmIU   and 
pump. 

do 


Oypsif..i 


Soft. 


I 


I 
Gypsif . . 

Hard  ... 


2.77 


.88 
4.16 


.66 

6.0    i 


.do. 

.do. 

.do. 

.do. 

.do. 
.do. 

.do. 

.do. 


.do. 

.do. 
.do. 

.do. 


.do. 

.do. 
.do. 

.do. 


Easy  to  lower do  . 

Not  easy  to    do. 

lower. 


Easy  to  lower    Dakota  Cre- 
w  i  t  h    t  h  e  I      taceous. 
pumpinuse. ' 

Not  easy  to     Permian !  Permian |     11 

lower. 


.do. 

.do. 
.do. 

.do. 

.do. 
.do. 


♦2 
3 


8 
♦9 


Dakota  Cretaceous      10 


Easy  to  lower 


Mill    and  ,  Salty  ...     10.0 
I     pump.        I 

.06 

do do...         .02 

do I do...         .4 


Not  easy  to 
lower. 


.do. 


Pump I do  . 

Backet Ix..do...        .02 

i  Mill    and  |  Hard  ...         .lA 
I     pump. 
Steam  pump  Soft |    CiO.O     «l 

Pump do  ...I 

Bucket do  ... 

Mill     and  L..do...| 
pump.        I 

do do...j 

do ■  Almwt  !. 

'      soft,     i 


Not  easily 
lowered. 

Not  easy  to 
lower. 

Easy  to  lower 
with  the 
.*»team  pump 
u>*ed  in  test- 
ing flow. 

.do Not   ea.sy  to 

lower. 

.do do 

do Easy  to  lower 

do '  Not  ea.sy   to 

lowt'f.* 

do do 

do... 

do... 


.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 


Permian  red do  . 

beds. 


Permian. 
....do... 


.do  . 
.do  . 
.do  . 


Easy  to  lowiT 

Not  ort.'^y   to 
lowtT.' 


1.66 
.'22 


.do. 
.do. 
.do. 

.do  . 
.do  . 


.do  . 

.do  . 
.do  . 
.do . 

do. 
.do. 


.do. 
.do  . 


.do  . 
.do. 


.do. 
.do. 


.do. 
.do. 


.do  . 
.do  . 
.do  . 


..do 

..do 

..do 


.do  . 

.do  . 
.do  . 
.do  . 

.do. 
.do. 


12 

13 

14 

15 
16 

17 

♦18 

19 

20 
21 
22 

23 
24 
25 


27 

28 
29 
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Oklahomi 


No. 


33  ! 

I 
♦34  I 

*35  ' 

I 
♦36, 

37 

*38 

39 ; 

*41   ' 
♦42 
♦4i 
♦44 

♦  «:> 

♦40 

♦17 
♦IS 
♦4<» 

♦:i() 


County. 


C4inadian. 


.do. 
.do. 


Post-oflftce. 


Owner. 


MuBtang I  Frank  Dotton. 


do. 

Frisco  . 
Elreno 


.do '  Hinton  . 

I 
.do I  Elreno  . 


.do . 


-I- 


.do. 


S.  E.  Perkins. 
Jas.  Smith 


W.J.  Newland... 
D.E.  Bray 


.do ;  Calumet. 


Luther  FtKster. 

J.  C.  Carter 

Mr.  Jenie 


do '  Eda I  Cecil  Pratt.. 

Cleveland ,  Moore Public  well . 


.do I  Norman  . 


....do.. 

....do 1 

....do 

....do 


Moore  . 


I 


Morgiin 

('ase 

Ok  la  horn  11, 
well  near 
Moore. 


Univernity    of 
Oklahoma. 

Norman    Milling 
and  (irain  Co. 

George  Foster 

Thos.  Shanley  . . . , 

J.  H.  Smith 


T)!      ( 


60 
61 

(■)2 

I 

65 


..do Noble W.  Murphy 

..do Nonnan j  R.C.Cain 

..do Ix'xington Herman  Turk 

.do M<K)re Kenneth   MeLen- 

I      nan. 

inancho Nollie |  Tom  Watwn 

..do Ti-mph* J  Adolph  Sorpe 

.  .<lo Su>,'(lin.  liul.T  I  Cha.s.  Stone 

.  .do Ijiwton I  J.P. Samplon 


..do 

..do 


.<lo 


lluliu  l/oui.si  L.  Young  . 

Ht's.> K.W.Briscoe.... 


Hastings W.  1'.  Corden 

Duncan. Ind.T,  K.  B.  White 

('H»hc Frisco  R.  R.Co... 


Location. 


d 

1 

1 

i 

,c 

1    — 

s 

^\s 

ill 

i 

11  I    5  I  33     18% 


10  I    2 

12  {    6 

I 

H|   7 

11  10 

I 

13  7 
13  7 
13  '  10 

13  I  5 
10  |3W 

9  ;2W 

10   3W 

i 
10    IW 

10   IW 

10   3W 

H  2W 
(^)  (") 
10  3W 
10   3W 


1892 
1899 


11  I  1898 

1 
6  .  1901 

23  I  1895 
15  1901 
13     1902 


11     1902 
14  '  1892 

I 
31  I  1903 

I 
14  I  1902 

18 


8| 
5.6  I 

8 


8  i 


15  I  1889 
7  '  1902 


1893  .  60 

4  I 


27  1898 
(*i)  '  1903 

28  '  1900 
17      181K) 


IN  9     12     1902  I  6i| 

IS  '  10     24  i  1902  I  li 

5  '  h      30      1901   I  (i 

2S  '  9  ' . . . .     1902  r. 


do ,   .  Haird 

ustcr <)s<'cola 

.do Wcathcrfonl 

.do Swan 


Scogins j  IS 

Joel  Hudgens 15 

J  no.  Brad.shaw 12 

J.A.Ohls 14 


;     IS  10     !       17 

20  I     1 

I 

9  I  10 

K  I  20 

14  ,  24 

«!'^ 

IH  '  '>1 


1902  72 
1S90  ■  M 

1902  -M] 
11H)2  6 
1902      60 


.do Osceola Jake  Vedder I  15     19 

.do (Jip W,  T.  Hudgens  ....  I  1 4     18 

♦  See  notes  at  end  of  this  tiible. 


1902 
1900 

.      1.H98 
1899 

:  1901 
.  ,  1900 
"City. 


Feet. 
32 

78 

38 

119 

62 
40 
82 

45 

212 

2821 

193 

32 
20 
365 


262 

51 
19 
tiO 
(H) 

21 
50 

18 

1-H 

13 

45 
2a'> 


It  I 


5^ 

a* 

Pi 


Bret.  I 

20  ' 


40 
33 


56    - 
36    - 

82 

40  ,- 
200    - 

275    - 

183  I 

27 

17 

327    - 

23.5 
62    - 
258 
'2riO 

39    - 
10 
40 
52 

I 
13 
M> 

16 

15    - 
11 

;50 

2t>5 

30    - 
35    - 

85  '- 
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record»~Oontinaed. 


How  ob- 
tained at 
surface. 


Mill   and 
pump. 


Mill     and 
pump. 

do 


Quality. 


Supply 

per 
mmute. 


Soft. 


Gal$. 


Slightly  :. 
hard.  ; 

Salty 


Hard. 


Bucket I  Soft 


I 


.do. 


Pump 

Mill   and 
pump. 

Backet  

Mill    and 
pump. 

Steam  pump 
.do. 


Hard. 
...do. 


.044 


Increase  or 

decrease  of 

supply. 


Neither. 


Increased  ... 
Neither 


Abu  ndan t 
supply. 

Neither 


Effect  of 

pumping  on 

level  of 

water. 


Mill  can  run 
day  and 
night. 

Not  easy  to 
lower. 


Not  easy  to 
lower. 


Geological 

horizon  of 

well  mouth. 


.do. 
.do. 
.do. 
.do. 


I 


Not     easily 
I      lowered. 

do ' do. 

.2    ' Easy  to  lower do  . 

Soft : Abundant' 

supply. 

Neither do. 


I 


...do.. 
...do.. 

Hard  .., 

Soft  ... 


Not  easy  to   do. 

lower. 


.do. 


2.77 

11.69 

.65 


Bucket . . . . . 

do 

{Mill  and 
I    piunp. 

do 

Bucket  

j  Pump 

'Mill  and 
pnmp. 

!  Bucket  

Pump 

Bucket 

....do 


Hard. 
Soft  .. 
...do. 


.1. 


I 


...do... 

1.7    1 

...do... 

.11    

Alkali.. 

Alkaline 

2.33    

Soft  .... 

.044^ 

Hard... 

.44    

Soft  .... 

.04    

Hard  . 


.do. 

.do. 

.do. 

.do. 
.do. 
.do. 

do. 
do. 
do. 
do. 

do. 
do. 
do. 
do. 


.do. 

.do. 

.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 

.do. 


.do. 

.do. 

.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 


! do 

.Mill  and 
I     pump.        ' 

Backet  

do 

Steam  pump 

I  I 

I  Bucket 

iMill   and  ' 
pump. 

Bucket 

Mill    and  : 
I     pump. 

I  Bucket I 

! do ! 


lower. 

Soft 55  I do ' do. 

Hard  ...       2, 66     1  ncreascd do  . 


do do  . 

Easy  to  lower do  . 

Not   easy  to    do  . 


Soft....       1.0       Neither do. 


.do. 
.do. 

.do. 


Hard  . 
Soft... 


22.5 


.d(» F^sy  to  lower  , 

.do Not  easy  to    , 

lower. 


..do. 


....do.. 
Gypsif . 

Hard  . . 
Soft 


Gypsif.. 
....do... 


.do. 


3.3:? 

1.16 

.22 ; 

.08  ' 
.22 


.Uo  . 
.do. 


.do. 
.do. 


.do. 
.do. 

.do. 
.do. 

.do. 
.do. 


.do  . 
.do  . 

.do  . 
.do. 

.do. 
.do. 


Geological  hori- 
zons of  water- 
bearing strata. 


No. 


Permian ,  Permian 


-do ,  Red  beds . . . 


.do. 

.do. 

.do. 

.do. 

.do. 
-do. 
.do. 

.do. 


Red  beds. 


.do. 

.do. 

.do. 
.do. 
.do. 

.do. 
.do. 
.do . 
.do . 


Permian Permian. 


.do. 
.do . 

.do . 
.do  . 


..do. 
..do. 
..do. 


.do  . 
.do  . 

.do  . 
.do. 

.do. 
.do. 


♦32 


♦34 
*35 


87 


♦40 
*41 

*42 

♦43 

♦44 
♦45 
♦46 

♦47 

♦48 
♦49 
♦50 

51 
52 
53 
&4 

55 

57 

♦58 

*m 

60 
61 

62 
63 

64 
65 
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OUoAMMirW/ 


• 

• 

i 

Location. 

S 

> 

S-' 

roiintT. 

Poet-oAce. 

1 

I 

1 

1 

1 

t 

i 
1 

1 

St 

ill 

No. 

1 

c. 
c 

1 

1 

5 
r 

X 

Jm. 

BkL 

FM, 

i 

Fut.  1 

•32 

CaoAduin 

MusUuiK 

Frmnk  DoctoD 

11 

5 

33 

IMS 

6 

3S 

20 

-  12.0 

33 

do 

S.  E.Perkiii9 

10 

2 

12 

vm 

18 

44t 

40 

-  $vO 

•»4 

do 

Frlaco 

ElreDo 

Jm.  Smith 

W.J.  NewUnd.... 

12 
11 

6 
7 

12 
U 

1109 
1898 

4 
42 

78 
38 

33 
38 

-  18.0 

-  36.0 

•3i> 

•3f> 

do 

Hintun 

D.E.Brmy 

11 

10 

5 

1901 

8 

119 

90 

-  VO.0 

37 

....do 

Hreno 

Lnther  Porter 

13 

7 

23 

1895 

9 

62 

56 

-  44.0 

•3^ 

.     do 

do 

J.C.  Carter 

Mr.  Jenie 

13 
13 

10 

15 
13 

1901 
1902 

8 
5,6 

40 
82 

36 
82 

-  36.0 

39 

do 

CAlamet 

-v.o\ 

•40 

....do 

Eda 

Cecfl  Pratt 

13 

5 

11 

1902 

8 

45 

40 

-J 

*4I 

Cleveland  .... 

Moore 

PubUcweU 

10 

8W 

H 

1892 

6 

212 

20O 

-112.0 

•42 

....do 

N'omum 

University    of 
Oklahoma. 

9 

2W 

31 

1908 

8 

'2m 

275 

-232.5 

•4} 

..-.do 

M<jore 

Norman    Milling 
and  lirain  Co. 

10 

3W 

14 

190! 

6 

198 

IfQ 

-1-23.0 

•41 

....«lo 

Morgan 

George  Foster 

10 

IW 

1^ 

1893 

m 

32 

27 

-  19.0 

•IS 

-...do 

('*-•<• 

Thofi.  Shanley 

10 

IW 

15 

1889 

4 

20 

17 

-  10.0 

•4o 

.  . .  -do 

Oklahoma. 
wi'U      near 

J.H.Smith 

10 

3W 

" 

1902 

5 

365 

327 

-110.0 

1 

♦IT 

d<» 

Noble 

W.  Murphy 

^ 

2W 

•j7 

189R 

6 

240 

'235 

-  90.0  ^ 

•4* 

...do 

Norma  n 

R- C.Cain 

t^» 

^«) 

[Of 

1908 

6 

77 

62 

-  37.0 

•4-* 

.....1.. 

Lexington 

Herman  Turk 

10 

3W 

28 

1900 

6 

2£» 

256 

-100.0 

•■'il 

■'*" 

M.Jore 

Kenneth   McL4?n- 
nan. 

10 

3W 

17 

1899 

6 

262 

250 

-  -25.0 

M 

<'«»nmiuhv 

Nelliv 

Tom  Watson 

l.V 

9 

12 

iar2 

6i 

51 

39 

-  31.0 

•^2 

....d<» 

Ttniplf 

.Vdolph  S»rjre 

4S 

10 

24 

1902 

u 

19 

10 

-   10.0 

.\S 

.....lo 

Sii^'dtn.Ind.T 

Cha.**.  Stone 

5 

?* 

30 

IWl 

6 

60 

40 

-30.0 

.►4 

....do 

Liiwion 

J.r.Samplon 

2S 

9 

1902 

6 

60 

52 

-  44.0 

.V» 

.....1.. 

Hnlin 

Loui.-i  L,  Young  ... 

IS 

10 

IT 

1902 

72 

21 

13 

-  10.0 

•.V. 

....do 

Hi» 

K.W.Bri>i\H' 

- 

•20 

1 

1>^W 

M 

50 

50 

-48.0 

:.: 

....do 

Hrt>iinjj> 

W.  P.i'onlen 

4 

9 

10 

1902 

:» 

IS 

16 

-  15.0 

♦.Vv 

.....Jo 

Imiuan.lnd.T 

K.K.  While 

1 

s 

A> 

1<M2 

6 

18 

15 

-  15.0 

•:>'.* 

.....lo 

<'rti  hf 

Fris*-**  K.K. Co.... 

- 

14 

24 

191*2 

60 

13 

11 

-     7.0 

tiit 

•  io 

Ham! 

]< 

9 

]7 

1902 

t> 

45 

30 

-  -25.0 
90.0 

fa 

1  VMtH»la 

JiH'l  Huil,tfen> 

lo 

1> 

21 

1900 

6 

205 

•205 

(ij 

.....lo 

WiHihortonl  . 

Jiu>.  Brnd-shau 

12 

IS 

1'. 

1>^ 

4N 

30 

80 

-  27.0 

'>^ 

.....I.. 

SWHtl 

.1.  .V.i>hls 

14 

14 

■-• 

1S99 

6 

75 

a5 

-35.0 

r>; 

.....lo 

tt^oiN'la 

Jako  V»Mder 

l'> 

19 

22 

UA>1 

l» 

>0 

60 

-50.0 

to 

.....io 

•Soo  !U>tC> 

W.r  HndKen-.... 
at  end  oi  this  table. 

It 

1> 

,S 

l9kV 
Oilv. 

^ 

96 

85 

-  75.0 
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records— Continued, 


How  ob- 
tained at 
muface. 


Mill   and 
pump. 


Quality. 


Supply 

i>er 
minute. 


Soft. 


Mill     and 
pump. 

do 


Bucket . 


do 

t*ump 

J     ^lill    and 
i  pump. 

f     -Bucket 

:Mill    and 
pump. 

^*^teampump 
-   -..-do 


Sli^hUy 
hard. 

Salty... 
Hard  . . . 
Soft 


QaU, 


Increase  or 

decrease  of 

supply. 


Neither. 


Effect  of 

pumping  on 

level  of 

water. 


Hard  . 


Increased  . 
Neither..., 


Mill  can  run 
day  and 
niRht. 

Not  easy  to 
lower. 


Abundant  ,  Not  easy  to 


supply. 
Neither. 


.do. 


lower. 

Not      easily 
lowered. 


Geological 
horizon  of 
well  mouth. 


Permian.... 


Oeological  hori- 
zons of  water- 
bearing strata. 


Ha 


Permian. 


do...j       .2    ' Easy  to  lower  I . 

Soft ! ;  Abundant  I  Not  easy  to  ', 


Bucket . . . . . 

-...do 

:Mill    and 
pump. 


...do... 
...do... 

Hard...     ll.€ 


Soft  .. 

Hard  . 
Soft  .. 
....do. 


do 

Bucket .... 

Pump 

Mill   and 
purap. 

Bucket 

I*iunp 

Bucket 

do 


...do... 
....do... 
Alkali.. 
Alkaline 

Soft  ... 
Hard.. 
Soft  ... 
Hard  . . 


do 

I  Mill  and  ' 
I     pump. 

1  Bucket I 

I. ...do ' 

f^teara  pump 

Bucket  

Mill   and  ' 
I    pump.        I 

Bucket I 

iMiU   and  ! 
I    pump. 

i  Bucket 


Soft  ... 
Hard  . . 

Soft  ... 
Hard  . . 
Soft.... 


....do.. 
(Jypsif . 

Hard.. 
Soft-... 


.do... 


Gypsif . 
....do.. 


!      supply.          I      lower.' 
Neither do . . . 


.do. 

.do. 

.do. 

.do. 

-do- 
.do- 
.do. 


.do. 

-do- 

-do- 

-do. 

.do. 
-do- 
.do. 


1 


.65 


....do..-- 
....do.... 
....do.... 


1.7  I- 
.11  I. 


.044,. 
.44  . 

.04  . 


.55 


-do. 
•  do. 
-do- 

.do. 
.do- 
-do- 
-do- 

-do . 
-do. 
.do  . 
-do. 

.do. 


.do 

.do 

.do 


-do- 
.do. 
-do. 

.do. 
.do. 
.do. 
-do. 


do do.... 

Red  beds . . .  Red  beds. 


do... 

do.-- 


do 

do 


.do- 
-do. 
.do- 

-do. 
-do. 
-do. 
.do. 


.do. 
.do. 
-do. 

.do. 
.do. 
-do . 
.do. 


.do I  Permian '  Permian. 


do I do  . 

Easy  to  lower , do  . 

Not  eaxy  to  I do  . 

lower. 

d<» 


-do. 
-do . 
.do . 


2,66     Increa.*<ed 


.do. 


.do  . 
.do. 


.do . 


1.0    I  Neither do. 


22.5 


.do. 
.do. 


.do 
.do 


.16    .. 

..-do 

.22    .. 

--.do 

.08  L. 

...do 

.22    . 

.--do 

: do. 

Easy  to  lower do  . 

Not  easy  to    do  . 

lower. 

do I do  . 

do do  . 


.do. 
-do- 


.do. 
.do. 


.do  . 
.do. 


-do. 
-do- 


.do. 
.do. 

.do  . 
.di. . 

.do. 
-do. 

.do. 
.do- 


Hi 

•50 


57 


n5 
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Oklahoma  \t^^ 


County. 

Poet-office. 

Owner. 

Lo 

d 
5 

cation. 

i 

i 
1 

o 
u 

H 

i 
.2 

1 

I 

ti 

1 

|I 

No. 

i 

1 
1 

/«. 

Feet. 

Feet. 

Fat. 

66 

Etna 

Louis  Sturgis 

1? 

14 

7 

1901 

6 

126 

76 

-75.0 

67 

do 

do 

Elm 

Frank  Davi.»« 

N.L.Blake 

15 

14 

18 
20 

24 
12 

1901 
1901 

6 

142 
182 

112 
164 

-112.0 

68 

Butler 

-144.0 

69 

do 

do 

H.E.  Reynolds 

13 

19 

13 

1898 

8 

165 

120 

-Itfi.O 

70 

do 

Arapahoe  — 

Marion  Lucas 

14 

16 

30 

1898 

6 

120 

90 

-  45.0 

71 

Day 

Arnett 

Herman  Schullz . . 

19 

24 

7 

1901 

42 

42 

37 

-  37.0 

7? 

..do 

Reason 

Jno.  Reed 

18 

23 

24 

1902 

6 

171 

165 

-   20.0 

73 

do 

do 

Craft 

C.M.Atwood 

Cleo  Paine 

19 
17 

24 
24 

2 
21 

1903 
1902 

111 
121 

107 
103 

-107.0 

74 

Grand 

-103.0 

*75 

do 

Gage 

PearleyCloyd 

J.  E.  Brown 

19 

?3 

1 

1902 

40 

126 

123 

-123.0 

•76 

do 

Arnett 

19 

24 

16 

1902 

2 

182 

180 

-160.0 

♦77 

78 

do 

do 

Bhattuck 

Schultz             

19 

?ft 

1 

1901 

4« 

56 

54 

-53.0 

Amett 

A.C.Beattie 

19 

24 

20 

1901 

6 

164 

164 

-134.0 

79 

80 

do 

do 

Craft 

P.  F.  Bradshaw  . . . 

I.  W.  Fortney 

Ben  Oswald 

19 
19 

17 

24 
24 
17 

3 
10 
32 

1902 
1901 
1902 

2 

48 
48 

146 
57 
30 

106 
57 
23 

-106.0 

do 

-  65.0 

♦81 

Dewey 

Burmah 

-23.0 

82 
83 
84 

do 

Fav 

Wm.  A.  Boyd 

Arthur  Jewett  — 
B.  P.  Mayfield 

16 

11 

?7 

1901 

6 

90 

70 

-  70.0 

do 

'^o 

Jacks 

16 
17 

14 

18 

13 

1 

1900 
1900 

6 
6 

186 
98 

158 
98 

-158.0 

Lenora 

-  48.0 

8.5 

d(» 

do 

A.  M.  Towner 

17 

18 

13 

1891 

6 

171 

-100.0 

86 

do 

IMitnam 

A.  E.  Agee 

17 

17 

25 

1900 

6 

128 

90 

-80.0 

87 

do 

Raymond 

W.  H.  DodHon 

17 

IK 

35 

1900 

48 

45 

42 

42. 0 

88 

<^<' 

Roseland 

M.L.Drake 

16 

k; 

16 

ll»02 

6 

47 

41 

-  41.0 

89 

-l^* 

do 

Doltis 

(Jeo.  W.  Harris 

Henrv  Schultz 

17 
17 

19 
IS 

27 
29 

1902 

6 
6 

140 
112 

140 
100 

120.0 

90 

Webb 

-100.0 

♦91 

(Jartiohl 

(Jlenella 

(i.  L.  Bushwisel... 

23 

8 

31 

1805 

6 

40 

29 

-  29.0 

92 

do 

Waukomis 

H.T.  Roach 

21 

(') 

22 

1S95 

■IS 

12 

12 

-8.0 

♦93 

do 

(JarbcT 

Wm.  Walker 

23 

4 

27 

1893 

6 

30 

20 

-  20.0 

94 

do 

Wuukomis 

C.  White 

20 

6 

3 

IHIM 

G 

4U 

•>y 

-22.0 

♦95 

do 

Carrier 

J.(\  Palmer 

23 

8 

17 

IIKX) 

6 

31 

28 

-   28.0 

96 

do 

Billings 

C.C.  Rosencrants.. 

23 

3 

3 

1895 

48 

30 

+25 

-  2.'S.0 

97 

do 

Waukorais 

Chas.  Thain 

21 

7 

•>7 

\my 

4S 

73 

72 

-  60.0 

♦98 

Carrier 

John  Pope 

24 

« 

" 

1893 

.36 

10 

10 

-     8.0 

♦See  notes  at  end  of  this  table. 
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rrrorri*— Continue*! . 


Hov  ob- 
tained at      Quality, 
sarface. 


Soft. 


Mill  and 
pump. 

Bucket GypHif  . . 

Mill  and     Hard... 
pump. 

do Gyp«lf .. 

Barket '  Hard  . . . 


Supply 

per 
minute. 


.44 

.08 
.44 

.111 
.111 


Increase  or 

decrease  of 

supply. 


Eflfect  of 

pumping  on 

level  of 

water. 


Geological      Geological  horl- 
horizon  of   i     zona  of  water- 
well  mouth.  \    bearing  strata. 


No. 


Pump 

Mill  and 
pump. 

do 


Soft 

Gypaif. 


do 

Bucket 

Mill  and 
pump. 

Bucket 


Hard  .. 

Soft.... 
....do.. 
....do.. 


Mill  and  | 
pump.        I 

Pump 

Bucket 

do ' 


Mill  and 
pump. 

Bucket 


...do... 
...do... 

...do... 

...do... 

Hard,  a 
little 
salty. 

Soft 


Hard.. 


Mill  and     Gypslf . 
pump. 

do do.. 

Bucket I  Alkaline 

do Oypsif 


I 
Mill  and    ....do... 
pump. 

I  Pump I  Soft 

I  Bucket I  Hard  . . . 

Mill   and    ....do... 
pump. 

do.. 


Pomp 


Soft. 


Hard. 


Slightly 
Mlty. 

!  Hard... 


Mill    and 
pump. 

jBocket Soft 

Pnmp.-.^.J  Hard... 

M/JJ   and      Soft 

I    pomp.         j 


2.0 

5.5 

.5 

1.116 

.06 
20.0 

3.0 
.183 
.66 

.44 

2.0 

1.66 

.26 

.5 

.04 


Neither i  Not  easy 

lower.' 


.do 


Easy  to  lower 


.do Not  easy  to 

lower. 


....do.. 
....do.. 


..do.. 
..do.. 

.do., 
.do., 
.do., 
.do.. 

.do., 
.do.. 

.do., 
.do., 
.do.. 


.do. 
.do. 
.do. 


Increase^l . 


.44    ;  Increa-sed. 


.22 
.44 

.22 

2.22 


do 

Increa,sed  . 

Neither 

do 


.5 


.do. 

.do. 

.do. 
.do. 
.do. 


Permian. 


..do. 
..do. 


Permian. 


.do., 
.do.. 


I  Eawy  to  lower 

Not  easy   to 

lower. 


.do. 
.do. 


...do... 
...do... 


Tertiary  . 
Permian 


do Tertiar>'.. 

do , do 

Elasy  to  lower ' do 

Not  easy  to   do . 

lower. 


.do.... 
.do.... 


Easy  to  lower 

Not  easy  to 
lower. 

do 

do. 

Easy  to  lower   Permian 


..do. 
..do. 


.do. 


Not  easy  to 
lower. 


Tertiary . 
do... 


.do I  Permian. 


Easy  to  lower do  . 

do do. 

Not  easy  to   do . 

lower. 

do do  . 


.do  . 
.do . 


.do. 
.do. 


Not   easil  y    do  . 

lowere<l. 

Can't  pump   do  . 

out  water.    | 

RuiiK   in   as  I do  . 

fast  as  I 
pumped  I 
out.  I 

Not  ea.sy  to  i do  . 

lower.  I 

Can't  lower. . ' do  . 


Easy  to  loWer ; do 

Lowers  level do 


Can't  lower do 


.do 

.do 


Tertiary 

Permian(?) . 
Tertiary(?)  . 
do 


.do. 
.do. 


do... 

do... 

Permian. 

Tertiary . 

do... 

Permian. 


.do. 
.do. 
.do. 

.do. 

.do. 
.do. 
.do. 

.do. 

.do. 


.do. 

.do. 

.do. 
.do. 
.do. 


67 


70 


Tertiary 71 

Permian 72 


78 
74 
•76 
•76 

•77 
78 

79 
80 

•81 

82 


86 
86 
87 


90 
•91 

92 

•93 

94 

•96 

96 
97 

♦9H 


—11 
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Oldakoma  u?«ui 


No. 


Ck)unty. 


Poet-office. 


100 

♦101  ' 
♦102 
♦103  ' 
♦104 

i 
♦105 

♦106 
♦107 

♦108 
♦109 

♦110 

mi 

112 

118 
114 
115 
11(5 
♦117 
118 

I 
119 
12() 
121 

♦122 
♦123 

♦124 

*12r) 

♦126  1 

♦127 
♦128 
♦129 
♦130 
♦131 

132  j 

133 

134 


Garfield Kremlin. 


.do Lahoma . 


Grant Numa 

do I  Florence  . . . 

do '  Gibbon 

do i  Deer  Creek. 


.do j  Pond  Creek.. 


.do I  Renfpow 

.do Manchester. 


.do j  Jefferson  . 

.do Renlrow., 


do j  Lamont  . 

do I  Medford. 

Greer Martin  .. 


.do Duke 

.do Carl 

.do I  Salton  ... 


Owner. 


Location. 


do j do 

do j  Man^m 

do '  Hollis 

do do 

do !  Doans,  Tex . . . 

do ,  Greer 


Kay Newkirk 

do Ponca  City  . . . 


H.D.Lacy 24 

Cbas.  B.  Longcor. . '  21 

O.  J.WUkison 27 

D.  M.Thomas 27 

J.  A.Johnson 29 

W.  H.Raymond.. I  26 

V.  Rapp 27 

T.H.Paris 28 

C.W.  Alley 29 

C.  T.  James 26 

C.  W.  Foetisch....|  28 

D.  P.  Moffett 26 

W.8.  Robertson...!  27 

John  Brim 2N 

L.  P.  Tyler 1 

C.,R.  Land  P.  Ry.  («) 

J.M.Prock 2 

W.  J.  Branigan 3 

S.B.Everett i    2 


3 

7 

5 
4 

3 

5 

26 

26 
(") 
26 
26 
20 
W.  C.  West 2  I  25 

Stirling  Soloman..  2  Nl  23 
J.  A.  Kinjkendall.!  6  |  26 
Isaac  C.  Stewart  . .     6  I  25 

City 28  J2E 

Oscar  Taylor 26  2E 


do.. 


.do. 


Tonkawaj. 


A.  H.  Miller 26  !lW 


!  S 


do rnca,s i  M.  L.  Dcvore 27  3E 


I  , 


Eddy ,  W.  High ,  25  2W 

!  I    i    i 

do I  J.  B.  Bush 26  2\V 

Kildare S.  8p)ore 27  J2  K 

Tonka wa Samuel  Stahl 25   1  \V 

-do Blarkwell  ....    N.  D.  Kistler 26      1 

.do Nardin John  McFarlin 27  ,'>W 


do 

do 

do 


Kingfisher 

....do 

do 


Kiel 

Kingfisher... 
Dover  


(tco.  JameHon 17.    H 

Mrs. N.L.St. Clair.    17  |    7 
\Vm.  Homier 17      7 


1894 

1898 

1896 
1903 
1902 
1895 

1903 

1894 
1898 

1897 
1899 

1899 

1894 

1900 

1901 
1902 
1900 
1902 
1898 
1901 

1902 
1901 
1901 

1901 
1894 

1898 

1895 

1894 

1902 
1898 
1901 
1897 
1897 


1898 
190'J 


^ 

2. 

f 

^ 

T.t 

1 

^ 

da 

a» 

« 

o 

^1 

1 

JS 

x:^ 

1 

In. 

Feet. 

Feet. 

48 

18 

14 

48 

3 

6  I 
72 

ul 

72  j 
12 


48 

48 

6 

6  i 
192 
7 

6  I 
48 
6 

6  I 
42  I 
72  I 

360  I 

2  I 

36  , 


8  , 

u 


li;  35 

6  '   98 


105 
30 
96 

120 
10 
30 

67 
37i 
44 

45 
26 

47 

12 


♦See  notes  at  end  of  this  table. 


60  I  12 

60  36 

1898  I  60  31 
"  City. 


;l. 


12 
66 

"i 
45 


'II 

.af'3  » 


Frrt^ 

-  18. «: 


8. 
3. 
7. 
32. 


10.  * 
20.  < 


86  - 

I 
-28  1- 

6  - 

60 


9i 
30 

90| 
76 

30  I 

53 
34  I 

40 

I 

42 

23  I 

44  ' 
11 


70 
38 
38 
26 
36 

8  I 
33| 
32  I 


-  43.  C-^ 

-  97.c:^ 

-  30.  r^ 

-  87.  C^ 

-  60.(F 

-  8.0r 

-  30.(^ 

-  40.0  j 

-  34.0  / 

-  34.0  I 

/ 

-  36.0  ' 

-  23.0  i 


44.0 
8.0 

14.0  : 

I 

•20.0  ; 

18.0  I 
28.0 
26.0 
31.0 

4.0 
26.0 
28.0 


WELL    BEC0RD3. 


16d 


reoordi— Continued. 


How  ob- 
tained at 
surface. 


Quality. 


Supply 

per 
minute 


31111    and  j  Hard  . 
pump.        ' 

Bucket Soft... 


Gait. 
.66 


Pump . .    Salty  . 

do ,  S<jft... 

do ;  Hard  . 

Mill    and    ....do. 
pump. 

Pump Soft... 


Hard  . 

Bucket , do. 


Windmill...,  Soft... 
Pump Hard . 


..do. 


.do. 


Flowing....   Salt 


Mill    and 
pnmp.        I 

do j 

do 

do I 

do I 

Bucket , 

Mill  atid  I 
pomp.        I 

Bucket 

...do I 


Gypsif. 


3.33 


Mill   and  , 
pump. 

Steam  pump^ 

Mill  and  \ 
pump.        ' 

....do 


Salty... 
Soft  .... 
Hard . . . 
Gypsif.. 
Hard... 
...do... 

Gypsif .. 
Hard... 
Gyp«if.. 

I 

Soft ....; 

....do...| 


30.0 

.66 

.88 

2.66 

.22 

1.37 
.11 

.08 

11.8 


..do. 


.42 


Pnmp Hard 

I      and 
I      salty. 

Mill  and  '  Hard., 
pump. 

do do.. 

do do.. 

Pump Alkaline 

....do 

Mill    and 
pump. 

....do 

....do 

....do 


Soft  .... 
....do... 


Hard 

...do... 

...do... 


.055 
7.0 
4.0 

4.0 

.ia3 

6.0 


Increase  or 

decrease  of 

supply. 


Neither. 
do.. 


Effect  of 

pumping  on 

level  of 

water. 


Geological 
horizon  of 
well  mouth. 


.do. 
.do. 
.do. 
.do. 


Varies  with 
the  8ea.son. 

Varies 


Not  easily 
lowered. 

Not   easy  to 
lower. 

Goes  down . . . 

Constant 

Easy  to  lower. 

Can  be  low- 
ered. 

N(mc 


Permian... 


Geological  hori- 
zons of  water- 
bearing strata. 


No. 


Permian . 


Tertiary Tertiary. 


About    the 
same. 

Constant 

About    the 
same. 

Neither 


To  lower. 
Lowered. 


.do. 

.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 

.do. 
.do. 

.do. 

.do  . 

.do. 

.do. 

•do. 

.do. 
..do. 
..do. 

..do. 
..do. 
..do. 


Not  affected. 
Lower 


Permian 

Tertiary 

Permian 

do I 


*99 


100 


Permian noi 

Tertiary *102 


Permian. 
....do... 


Tertiary Tertiary . 


Permian . . 
do.... 


Permian. 
do... 


.do. 
.do. 


Can't  pump   do. 

dry.  I 

Can  be  low-  | do  . 

ered. 

Not  easy  to  i do  . 

lower. 


.do. 
.do. 


.do. 


.do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do. 


.....do.... 

Easy  to  lower 

Not  easy  to 
lower. 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

.do. 


.do. 


Millnin.sday  I do  . 

and  night.  I 

Not  easy  to  j do  . 

lower.  I 


.do. 
.do. 


Easily  low- 
ered. 


.do. 


.do. 


.do  . 


.do. 


.do. 


Not  easy  to 
lower.  1 

do do I do  . 

do do I do  . 

Easy  to  lower do ; do  . 

Can  not  lower do d«) . 


Not  easy  to 
lower. 


.do. 
.do. 
.do. 


.do. 

.do. 
.do. 
.do. 


.do. 

.do. 
.do. 
.do. 


♦103 
♦104 

♦105 

♦106 
♦107 

♦108 
♦109 

♦110 

111 

112 

113 
114 
115 
116 
1*117 
I  118 

;  119 

j  120 

121 

1*122 
♦123 

1*124 

1*125 

♦126 

1  *127 
♦128 
♦129 
♦l.SO 

j  *131 

[  132 

133 

'  18^ 
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Oklahoma  t 


No. 


County. 


Po8t-offlce. 


Owner* 


135  I  Kingfisher.... 

136   do 

137  j do 

138  do 

139  do 

140  do 

141  do 

142  Kiowa 

148    do 


Dover  . 


Hurrey  Jftmeson . . 


144    do.... 

145    do.... 

146    do.... 


147 

148 


149 
150 


.do. 
.do. 


.do. 
.do. 


Cashion  . 

do... 

do... 

Parvin  .. 

Hennemey 

Wandel  .. 

Lone  Wolf 

Mounta 
Park. 

Chadwick 

Lone  Wolf 

Harrison  . 


Nesbitt... 

Mounta 
Park. 

Cloverton 

Hobart . . . 


♦151    do.. 

*152     Lincoln 


I  Snyder . . 
I  Carney  . . 


•do. 

.do. 

.do . 

.do  . 
.do. 
.do  . 


♦153 

*1W 

♦155 

♦156 
♦157 
♦158 

♦159 

♦160 
♦161 
♦162     l»pan 

do ' 

do 


Tryon  . 
....do. 
Fallis.. 


Kiddle.... 

do.... 

Clifton  ... 


Wellston  . 


.do  . 
.do  . 


Perkins... 
Clifton  ... 
McKinley 


♦168 
♦164 


♦165  ' do 

I 
♦166    do. 


U\7 


do.... 


Coyle 

McKinley 
Mulhall  . . 
iiHngston . 
Cn'Hccnt.. 


R.  A.  Bryant.. 
».  F.  Hatmoti . 

S.  ft.  Cole 

A.  W.PiUTln.. 
J.  O.  Wright  .. 
J.W.CrGm„.. 
D.  C.  Bruce  , . . 
J.  CumpbeLU .. 


D.  P*  Churehwell . 
A,  B.  abeltoo  ...>. 


WiUlMBtanniK 
L&wtn  VlLaen  , 


J.  A.  WUUtfl... 
Wm,  R.  Pearl. 


LocatioiTi. 


ib 
ih 
15 
It 
20 
17 
& 

a 

IK 

a 

7 

7 
4 


C,  T»  Gorton 2S 

Wnj.  Bedford..,,.'  10 


J.H.  Hart*T- 

Jue  Jlufmtne. 


C.  A.  abtTwin.jir.. 
C.  A,  Sherwinjr.. 


I 
...  (i,  \V,  BlakeUy. 


JiiHi'  Hcrt  ..,,, 
I  [.  r.  Bnutwjn.. 
'  David  Swank . 


I  O.  L.  Juwiu......  J 

t).  K.  Campbell  ,,,\ 

J.  K,Wej<l(jj- 

Freeman  Wallace.' 
A.  C.  RinKold 


16   2E 


3^: 

4 

IK 

IE 
IK 
aw 


1902 

IHIL 
39ai 
1W1 
1892 
IMO 
1904 
1903 


iDoa 


M         03 


1902 


IWi 


1902 


1902 
1902 
19CU 


S.6 

do 
e 

01 


•S6 


1B«M 


l^     1S95 


1901  ft  I 

ima  !  a 
\ 

I 

am  10  I 

I 

1902  '  6  , 


% 

I 

Fai. 

/brt. 

17 

11 

^ 

66 

Fa 

43 

55 

W 

20 

13 

u 

13 

15 

10 

10 

s 

21 

u 

12 

10 

17 

1$ 

19 

^20 

57 

^ 

19 

Ifi 

18 

n 

n 

20 

M 

» 

l€S4 

loo' 

141 

m 

mi 

n» 

40 

3« 

22 

20 

m 

(15 

m 

^ 

15 

$» 

n 

Hit 

57 

ih 

92 

m 

M 

bi 

»5 

m 

■yj ' 

37 

m 


^ii 


IHWi      60 


I    "I    ^'1 


-  4S.(P 

-  4s.m 

-  Km 

-  10.» 

-  10, » 

-  10,  CP 

-  12.t^ 


-  10.0 

15.0 

-  22.0 

-  10.0 

-  63.5 

75,5 

-  is.  ft 

-  '22.0 

-  17,0 
-ItM.O 

-  10.0 

-  2a>0 

-  Fa,n 

-  35.0 

-  7e.o 

-  50,0 
'70.0 

-  B2.Q 
40.0 
21.0 


I 


♦See  notes  at  end  of  this  table. 


WELL   RECORDS. 


166 


»— Continiied. 


r  ob- 


Quality. 


and 
ip. 


Hard, 
nearly 
soft. 

Soft 

Hard.. 

Soft 

! do.. 

do.. 

Salty  . . 

Gyprif. 

Soft 

do . . 

Salty  . . 
.    Soft.... 

.|  Hard.. 
.!  Soft.... 


Supply 
mlmite 


OoU. 
40.0 


10.0 


.do... 
.do... 


fm Salty  and 

soda 

:et I  Soft... 


:et  -. 
lo... 


.do... 
.do... 
.do... 


.04 


Increase  or 

decrease  of 

supply. 


Neither. . . 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

IncreasefJ 

Neither. . . 
......do.... 


Effect  of 

pumping  on 

level  of 

water. 


Not  easy  to 
lower. 


Ooological 
horizon  of 
well  mouth. 


Geological  hori- 
zons of  water- 
bearing strata. 


No. 


Permian Permian 185 


do.... 

do.... 

do.... 

do.... 

do.... 

do ;  Tertiary. 

Eawy  to  lower  !  Permian . 

Not  e»u«y  to    do  ... 

lower. 


.do. 
.do. 
•do. 
.do. 
.do. 


Raxy  to  lower 
do.... 


.02 

.04 

S.0 

2.2 


.do. 
.do. 


..do.. 
..do.. 


.do. 
.do. 
.do. 


Not  ea.My   to 
lower. 

Eaf(yt4>  lower 

Not  easy  to 
lower. 

Eai*y  to  lower 

Not  very  easy 
to  lower. 

I  Not  easy  to 

!      lower. 

I 
Can  be  low- 
ered to  28 
feet. 

Not  easy  to 
lower. 

Not   eanily 
lowered. 

Not  easy  to 
lower. 


.do  . 
.do. 
.do  . 

.do. 
.do. 

.do. 
.do. 

.do. 


....do. 
....do. 
....do. 


lo ;  Hard  ...|      .44 

lo ':  Soft.... 

n  pcunp: do.. 


■et     Medium 

soft. 

p Hard  . . . 

:et do   -■ 

itnd    do... 

up. 

o '^o--- 


3.33 


...do. 
...do. 
...do. 


.do. 


.do. 


.« 


et 

? 


Soft  .. 
Hard. 


and     do... 

np. 

do... 


.do. 

.do  . 
.do. 
.do. 


Ea}«y  to  lower' do  . 

Not  ea.*«y   to  ; do  . 

lower.' 

.do  . 


1 


.lo... 

do... 

do... 

do... 

Inereai*e . 


do do  ... 

do do  ... 

Ea.«ily    low-     Permian. 
fre<l. 

Eat»y  to  low-    do... 


Is ttutily  low-    (\(t . 

ered. 


Not  ea*y   to 
lower. 

I->i>i]y    low- 
ered. 

<^'  a  n         be. 
pumped 
d  r y  in   4  I 
hiriint.  I 


do. 


.do . 


do 186 

I do 187 

I do 188 

do 189 

do 140 

Tertiary 141 

Permian 142 


.do. 

.do. 
.do. 
.do. 

.do. 
.do. 

.do. 
.do. 

.do. 


Red  beds...:  Red  beds  . 


1 


...do.... 
...do.... 
...do.... 


.do... 
.do... 
.do... 


.do. 


148 

144 
146 
146 

147 
148 

149 
IfiO 

•161 

n62 

«U» 

n54 

•166 

•166 
•167 
•168 

•169 


do neo 

do ^161 

Permian •lea 


.do . 


.do. 


.do. 


. .  .do  . . . 


.do  . 


•163 


•!&'> 


•166 


167 
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Oklahoma  I 


♦197    <\( 

♦198    <!<» 

♦199    <1«» 

♦200  I <1(> 

♦201    «!«> 

♦202  I'tiyiie 


Westpoint  ....    Himm  B.  Allnutt.    20  4K  I 
♦  See  notes  at  end  of  this  table. 


77 

-  37.0 

2ti 

-  18.0 

34 

-  fif..0 

8 

-  G.O 

23 

-  23.0 

32 

-  32.0 

40 

-  40.0 

20 

-  19.5 

18 

-  18.0 

WELL   BEOOBDS. 


16^ 


reroTtU — Continaed. 


j     How  ob- 
I    tained  at 


Bucket . 


Pump 


/Bucket  — 


Quality. 


Supply 

per 
minate. 


Soft  ... 


.do. 


Mill   an<i 
I      pump. 

Bucket 

Mill  and 
pomp. 

...do 

But^ket 

Mill    and 
pump. 

Pump 


Hard 
Soft  .... 
...do 


Hard.. 


do. 

do. 


Bucket 

Mill        and 
pump. 

Bucket  

do 


Alkaline 

do.. 

Salty  .. 

Soft  ... 
...do.. 


....do.. 
....do.. 


.do. 


OaU. 
.136 


10.4 


.13 


14.0 
1.33 


4.16 
.266 


Mill         and 
pump. 

do 


Bucket . 
do  - 


I»iimp Hard... 

Bucket ^o- 


Hardand 
salty. 

Hard  . . . 


Soft  .. 
....do. 


Pump  - 
Bucket 
do  . 


2.0 


4.16 


..do...! 

do... 

Soft  .... 


Salty  . 

Soft  .. 

...do. 

do. 


1.66 
3.33 


4.0 
2.5 


do 

Itimp 

Bucket 

Mill     and 
pump. 

Backet I 

Pump \- 

Bucket =^" I 

...do L...do.. 

Mill    and 
pump. 

Bucket 


Hard  .. 

do.. 

Soft 


...do. 
...do. 


1.3 


6.6 


Increase  or 

decrease  of 

supply. 


Neither. . 
...do... 
Increase . 
Neither.. 
do... 


.do. 
.do. 

.do. 
.do. 
.do. 

.do. 
.do. 

.do. 
.do. 

.do. 
.do. 

.do. 

.do. 


....do 

Decreased  . 


Neither. 
do.. 


.do... 
.do... 
.do... 


Effect  of 

pumping  on 

level  of 

water. 


Oeoloffical 
horizon  of 
well  mouth. 


Qeological  hori- 
zons of  water- 
bearing strata. 


No 


Easily    low- 
ered. 

Not  easy  to 
lower. 


.do. 


Not  easily 
lowered. 


Permian Permian 1*16 


.do. 
.do. 
.do. 
.do. 
.do. 


Easy  to  lower do 


Can  not  lower 
Easy  to  lower 
....do.... 


Not      easily 
lowered. 

do 

Easily    low- 
ered. 

Easy  to  lower 

Easily    low- 
ered. 

Easy  to  lower 

Not  easy  to 
lower. 

....do 

Easily    low- 
ered. 

Easy  to  lower 

Not  easy  to 
lower. 


Easy  to  lower 

Not  easy  to 
lower. 


.do. 
.do. 
.do. 

.do. 
.do. 

.do. 
.do. 


Red  beds . 
..  .do.... 


.do. 


.do. 


.do.. 
..do. 


.do. 
.do. 


.do. 

.do. 

.do. 

.do. 

.do. 
.do. 

.do. 
.do. 
.do. 

.do. 
.do. 

.do. 
.do. 


Red  beds . 
do.... 


.do. 


.do. 


.do. 
.do. 


.do. 
.do. 


do 

do 

PeiinHylvu- 
nian. 


j do 

....do 

Pennsylvanian . 


Decrea.sed  . 

Neither ' do 

do I  Not  easy 


Easy  to  lower do.. 

do j do  .. 

do.. 

to    do.. 

lower.  1 


.do do 

.do do 

.do !  Easy  to  lower 

.do I do 


.do. 
.do. 
.do. 
.do. 
.do. 


..do... 
..do... 
..do... 
..do... 


.do. 
.do. 
.do. 
.do. 
.do. 


*16 

♦17 

*17 

17 

17 
17 

♦17 
♦17 
♦17 

♦17 
♦17 

♦18 

la 

♦18 
♦18 

♦18 

♦18 

18 
♦18 

♦18 
♦18 

19 
♦19 
♦19 

♦19 
♦19 
♦19 
♦19 

♦19 
♦19 
♦19 

♦20 
♦20 


.do Not  ea.sy  to 

I      lower.  I 

.do '  Easy  to  lower    Red  beds  ...    Red  beds ♦20 
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Oklahoma  i 


No. 


County. 


PoAt-offlce. 


OwnpT, 


♦208     Payne . 


♦204 

do 

♦205 

do 

♦206 

d« 

♦207 

do 

♦208 

do 

♦209 

do 

♦210 

....do 

^n 

do 

212 

Pottawatomie 

Lawson Ruubeu  Wtbcin  ... 


Ingalls 

Stillwater  . . 
In^ls 


Glencoe  . . . 
WoBtpolnt.... 


Ripley.. 
Marena. 

Perkins. 


Moral. 


218 
214  I 
215 

♦216 
217 

♦218 

♦219 

♦220 

♦221 

222 
223 
224 

225 
220 
227 

228 
229 

230 
231 
2:12 


...do. 
...do. 
...do. 
...do. 
...do. 
...do. 


.do. 
.do. 


I  Bellmont 

do 

I  Moral 

do 

I do 

I  Shawnee 

I  Bellmont 


.do. 


.do Anderson 


Roger  Mills... 

do 

do 


.do. 
.do  . 
.do  . 


Poxey . . 
ITral.... 
Carter  . . 

Poarch  . 
<  J  rimes  . 
Berlin  . . 


.do  . 


<\o... 

d.. ... 

Washita  . 


233    do... 


(Jrimcs 

Berlin 

Elk  City... 

Grimes 

Cowdeii  . . . 

Burns 


O.  F.  Weaver 

Fin  Ilk    A.     Hen- 


LDct&aoii. 


Id  &E 


I  ^.T.  KJrby 19 

IB 

10 


2:i5 

230 
2:^7 
2:to 


-do Shelly.. 

•do Cordell . 

-do I  Bainy  .. 

.do Boise... 

.do Bums  .. 


uepKiiu 
F^CJetisee 

ao 

Wm-Dodd 

lED 

John  F.  Oldham  .. 

1ft 

RC.MeKce 

w 

J.W.Cim- 

w 

W.B.TroUflrtftle,.. 

7 

Edgar  Maek 

11 

L.  D.  Cavlns 

n 

J.S.Lamm 

7 

J.  W.  FoHter 

7 

B.I.Martin 

7 

J.H.Wallaee 

10 

Diek  Quinn 

11 

Hugh  Woklee(  In- 
dian). 

11 

J.  E.Jarman 

7 

J.Hllderbrand.... 

10 

T.J.McKeynolds.. 

Jno.  King 

4 

Jas.  Adkeraon 

8 

W.  L.  Blackburn  . . 

12 

Wm.  Kohn 

12 

T.L.Sherrill 

11 

5E 
IK 

6E 

4E 
iE 

4E 
IE 

3E 

3E 

4E 

4E 

aE , 

3E 
4E 
4E 
3E 


U 


i 


imn 

1901 
l^GQ 

l9Xt 

2  '  iwa 
la ,  wm 
19   im& 

18  1899 

4  1902 

3  1903 
15  1892 


e 
7 


m 

140 


541      W 
0       IM 


77 
21 

60 

im 

I 

6  .    1^ 

e  i    SI 
fi  I    m 

fl        50 

n  I    49 
«     i:y> 


n 


S" 


-  23,  ■ 


I*  |-    ILi 

w  -  »,( 
10s  !-  49,C 


20 

4a 

iw 
im 

71 
80 
4D 
41 
130 


-  ei\Q 

-  70.B 

-  15,0 


I 


(J2 


65.0 
85    -  74.0 


55  I 


46.0 


95  ,      90 


22 

H     1901 

8 

144 

43 

21 

....    1904 

G 

62| 

54 

22 

:«     1898 

36  1 

40 

35 

J.  W.  McDonald...    11 

I.F.Meeks |  12 

Jus.  Rhtxles 9 


21 
24 
23 

24 
24 

20 

24' 

14 


11  1900 

27  1902 

19  1902 

19  1902  j 

13  1902  I 

19  1898 

32  1901 


J.  A.  Jester 10     19     14  19U0       0 

1 

C.Ediger 11     IG     14  1S9«       7 

John  T.  Dazey  ....    10     18     32  1899  ,  'M\ 

A.B.Brown 8     17     24  1902       G 

S.  A.  Gamble 9     14     24  1902       G 

Brovvers 9     19       5  1898  '  42 

♦See  notes  at  end  of  this  table. 


18  , 
110  I 
132 

30 
119i 

27  I 
33  j 

8(5 


200 

31 
184 
113 

18 


-  70.0 

-  43.0 

-  35.0  I 

-  30.0  j 

15  I-  15.0 
95         »5. 0  I 
120    -120.0  I 


28  |- 
103il 

24!- 
30  I- 
60  ' 


128 
100 
17 


24.0 
93.0 

-  8.0 

-  27.0 

-  tJO.O 

-40.0 

-  60.0  i 

-  23.0 
-128.0  I 

-  90.0  I 

-  14.0 
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rmnU-Coniinned, 


i 
1 

Hovob- 
1  tiiiudat 

QnaUty. 

Supply 
mmnte 

1 

Increase  or 
decrease  of 

Effect  of 

pumping  on 

level  of 

water. 

Geological 
horizon  of 

Geological  hori- 
ions  of  water- 

No. 

mkK, 

supply. 

well  month. 

bearing  tbmta. 

Gab. 

Hard... 

.02 

Neither 

Not  easy  to 

lower. 

Red  beds . . . 

Red  beds 

^208 

Pocket 

do 

....do... 
Soft 

do 

do 

do 

do 

do 

do 

*204 

do 

do 

•205 

'ftimp 

....do... 

.11 

do 

do 

do 

do 

•206 

do 

do 

do 

do 

do 

do 

do 

do 

•207 

Mill  and  ' 

....do... 

i 

do 

•208 

pomp. 

do 

...do... 

do 

KaityUthtweT 

do 

do 

•200 

Bwket 

Hard  . . . 

.166 

do 

Not  «u«y   t4» 
lower. 

do 

do 

•210 

Mill  and 

Soft 

.« 

do 

Easy  to  lower 

do 

do 

•211 

pomp. 

Backet 

....do... 

do 

« 

Not  easy  to 
lower. 

do 

do 

212 

do 

Hard... 

do 

do 

dr, 

do 

213 

do 

....do... 

do 

do 

do 

d#> 

'  214 

; do 

....do... 

do 

do 

do 

do 

216 

do 

....do... 

.1 

do 

Easytolr>wer 

do 

do 

•2U 

do 

....do... 

1.0 

IncffraMrd 

do 

dr> 

217 

do 

....do... 

.05 

Neither 

Easily    low- 
ered. 

do 

dr> 

•218 

, do 

Soft 

d^> 

Nc«  eafiily 
lowered. 

do 

do 

•21f 

do 

Hard... 

d«> 

do 

do 

dr. 

•Z» 

«k> 

.Soft 

1.33 

dr, 

Easily    low- 
er^^. 

do 

dri 

•221 

do 

Hard  ... 

dr. 

Ea^yU/Ir/wer 

fermian 

222 

do 

....do... 

dr. 

dr. 

dr> 

do 

221 

Mill   snd 

....d<»... 

dr. 

Not  ea*Tr   w 

dr, 

d*i 

221 

pomp. 

low^-r 

Bucket 

.in*if.. 

dr. 

dr, 

dr. 

2r> 

....do 

Sirft 

!.« 

dr. 

EA^yt.'>»w*T 

dr.       ... 

dr. , 

7» 

Pomp 

...do... 

.<►» 

d^    

d'» 

dr. 

ra 

Boekei 

...d..... 

.0!'. 

....'i-   

E«*.*y?r/>»w*?r 

dr. 

..   Af* 

rm 

....do 

...do-... 

in 

d-  

do        . 

^* 

-at 

P«np 

...do... 

21-^: 

/J 

. .     .'io  . 

A', 

..       dr. 

'£$9 

Borkrt 

...dr..... 

.**» 

/* 

K^;  V  .    •-.' 

do 

.  -v,        

ni 

Mill   and 

Hani ... 

Ik  <> 

..   .. :        

X...-i*-r:'< 

/*,-, 

....  -v.            

•at 

pup. 

.  ■  ■»*-r 

...do 

Srrft  .... 

1'-.  ■  ■ 

.  .      ■!  •       

<  tZ.    -jr    .  ■» 

'V.      .... 

1-.            .        ... 

'£Sr, 

Bociet... 

..    Hard. 

.  .    "ji         .... 

.    ."V    , 

....  'i'.    .   ... 

OA 

...do.... 

..    Hard... 

i 

rj    

,-• 

Ay, 

. .   .  'V, 

'£C, 

Pttsip... 

..    soft  -... 

*-l 

....    J     ... 

-i 

...d'. 

...   .-V^  .     .,, 

»* 

Bocfaf... 

do.... 

tw* 

..    -a    ...  . 

^.. 

-   ,4-. 

-..  yif* 

.    »: 

...do.... 

....,*»..- 

*A 

!>*— **i*<    . 

.    Ea>7  v^  ^rfgt  . 

. .  .4... .     . . 

,   .-v.. 

2» 
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OJdafiomi 


No. 


County. 


Post-office. 


Washita :  Bums  . 


Owner. 


J.N.Arnold. 


240 

241  I 


-do :  Kom  . 

.do Kiel.. 


P.Settkeman  . 
Geo.  Jameson  . 


242     Wtxxls Amorita. 


Henry  Witte  . 


243 

244 

I 
246 

246 
♦247 

248 

249  I 


.do I  Kingwood 

.do !  Helena 


Jonah  Grieve.. 
Edgar  Huhbel 


.do !  Ingersoll  . 


C.Haas  . 


do ,  Cherokee 

' do I  Alva 

I do Auburn 

I 


J.T.Millspaugh.. 

R.  C.  Brown 

C.M.Ingram 


.do I  Byron  . 


W.  F.  Bnmn 


260 

do 

.!  ChesU'r 

251 

do 

.  1  Concord 

252 

Woodward  . 

.    Oleta 

1 

25.'i 

do 

.'  Speermore 

?r>4 

do 

do 

.    Belva 

255 

1 
.i  Waynoka 

25G 

do. 

do". 

. '  Oleta 

257 

.':  HjK'crniore 

258 

do 

.  1  I-jivcrne 

2:»y 

do 

.;  Shattuck 

; 

2r.o 

do 

.(  Curtis 

2til 

do 

.    Detroit 

Frank  Forward . . 

Geo.  Picler 

G.W.Sleeth 


E.  E  Strohmeier  . 
R.  A.  Doles 


.iOcation. 


J.J.  Russell 

Martha  N. Smith.. 
Aaron  Harttield... 

Geo.  W.  Ralls 

A..T.J^S.  F.  Ry  ... 

Wm.  Martindale  .. 
(>.  A.  NiokersMiii  ... 


22   10 
24  10 


25  I  2.5 
23  !  17 

21  !  22 


1902 


30 


(«)  (««)  (") 

22  !  18  I  24  I 

I    I    I 

21  I  -20  I  17  I 


48  I 
1896  42 

1896   U 

I 

imi  I  54  I 

1901  6 
1894  !  2  , 

1894  U 
1901  '  6 
189«>  I  10  I 

I    I 

1901  2  , 

1900  10  1 

1902  3 
18%   3 

1901  42 
1901   72  , 

1901  -IS 

1895  72 

1902  6 

1901    U 

18x7  90 


Feet   I 
26 


10  ! 
8 


^ 


Fo 
1- 


40 


GO 
72  I 


27  -  2 


55  1 
70 


27  I   20 


32 
123 
51 


65, 
144 

40 


35 

18 


:i5 

95 


16 
83  I 
45 


50  I 

85  I 
45 

24 
23 

24 
12 

78 

34 
3.'> 


♦See  notes  at  end  •>!  this  ijibie. 


]\m      10   112   110   -K 
1902   24    91    89    > 

"Citv. 
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cards — CJontinued. 


How  ob- 
tained at 
Kurface. 


Quality. 


Supply    Increase  or 
per    j    decrease  of 
minute..       supply. 


Bucket . 


(Jo.... 


Soft. 


Hard. 


Mill     and  |....do.. 

pump.       I 
1  Pump do.. 

Bucket ' do.. 

I  I*ump [ do.. 

Mill     and    ....do.. 
pump.       I 

Pump I do.. 

do !  Gyp«if . 

Mill     and     Soft.... 

I    pump. 

do do.. 

do do  .. 

I  Pump do.. 

do do.. 

do do.. 

do Hard  .. 


do 

do 

do 


Salt 

Hard  ... 
Soft 


Gals. 
2.0 


5.0 

2.2 

2.22 

.22 
.4 
.3 

.22 

6.6 
.22 


-06 


.03 

.17 


.do. 


.do. 


I 
,  Steam  pump  Hard 


Mill  and 
pump. 

Pump 


Soft. 


...do. 


Neither 

do 

do 

do 

Increased... 
Neither 


Effect  of 

pumping  on 

level  of 

water. 


Not   ea«y  to 
lower. 

do 

Can  not  lower 


Not   ea«y  to 
lower. 


Geological 
horizon  of 
well  mouth. 


Permian 


.do. 
.do. 


Geological  hori- 
zons of  water- 
bearing strata. 


I 


Permian . 

do... 

.do... 


No. 


240 
241 


do do 242 


Easy  to  lower    Tertiary do 

Not  ea.sy  to 
lower. 


do do 

do do 

Decreased Ea.sy  to  lower 

Neither ! do 


.do. 

.do. 
.do. 
.do. 

.do. 


Not  easy  to 
lower. 


.do. 
.do. 


Not  easily 
lowered. 

Easy  to  lower 

.do '  Not  easily 

I     lowered. 

.do... 

.do... 


Permian , do. 

do do. 


.do. 
.do. 
.do. 


.do. 
.do. 
.do. 


.....do... 
Permian. 


Easy  to  lower do . 


.do. 


.do I  Not  easy  to 

I      lower. 


.do. 


.do. 


Not  easily 
lowered. 


Tertiar>' . 
do... 


Tertlarj- 


Ea.sy  to  lower 
with  .sand 
pump.  I 

.do Easy  to  lower;  Permian. 


do 


Not   easily 
lowered.  * 


.do. 
.do. 
.do. 


243 
244 

245 

246 
*247 
'   24« 


Tertiary . . . 


Tertiary 249 


.do. 
.do. 
.do. 


...,do... 
Permian. 


....do... 
Tertiary . 
.....do... 


Permian :  Permian. 


Tertian- . 


250 
251 
252 

253 
254 

255 
256 
257 

258 

2.^9 


..    Permian 2tJ0 


Tertiarv Tertiary 2<;i 
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NOTES  ON  WELLS  OF  OKLAHOMA: 

No.  L  Flows  an  inch  Htreain  nearly  all  the  time. 

No.  2.  Tertiary  sands  are  mixed  with  the  Permian  to  some  extent. 

No.  9.  The  water  from  this  well  is  hauled  for  miles  by  the  settlers,  many  of  whcn^ni 
have  no  other  water  near.  The  location  is  given  from  the  Cimarron  meridian  (103  ^^  )• 
W^ater  analysis  No.  2. 

No.  18.  This  is  a  test  well.     Pump  was  removed. 

No.  31.  Water  in  sand  and  gravel. 

No.  32.  Water  in  gravel. 

No.  34.  Water  in  red  sand. 

No.  36.  Water  in  shale. 

No.  36.  Water  in  shelly  sand  rock. 

No.  38.  Water  in  sand. 

No.  40.  Water  in  sandy  gravel. 

No.  41.  Water  in  sand. 

No.  42.  Water  in  sandstone.  Water  contains  iron,  Glauber's  salt,  chlorine,  ai^  '^ 
perhaps  other  elements.     Water  analysis  No.  22. 

Nos.  43  and  44.  Water  in  sand. 

No.  45.  Water  in  clay. 

No.  46.  Water  in  coarse  sandstone.  - 

No.  47.  Water  in  gravel. 

No.  48.  Water  in  sandstone. 

No.  49.  Water  in  sand. 

No.  50.  Surface  water  in  clay  at  25  feet,  main  supply  in  sand  rock. 

No.  56.  Used  to  irrigate  garden. 

No.  58.  The  well  is  in  Oklahoma. 

No.  59.  Temporary  watering  station. 

No.  75.  AVell  is  in  Day  County.     Post-office  in  Woodward  County. 

No.  76.  The  owner  says  the  amount  is  inexhaustible. 

No.  77.  The  well  is  in  Day  County.     Post-office  in  Woodward  County.     The  above 
flow  is  about  all  it  will  yield.     (I  visited  the  well  in  person. — Long.) 

No.  81.  The  well  is  not  far  southeast  from  the  Canadian  River  and  is  dug  in  a 
sandy  loam  with  water  in  quicksand. 

No.  91.   Watt^r  in  gravel. 

No.  98.  Water  in  sand. 

No.  95.  Abundance  of  water  in  quicksand. 

No.  98.  An  abundance  of  water  in  sand.     Used  for  irrij^ation. 

No.  99.   Water  in  sand  rock.  Is  used  for  irrigation. 

No.  101.   Water  was  found  in  a  clay  formation. 

No.  102.   Water  was  found  in  gravel. 

No.  103.  Water  found  in  red  gravel. 

No.  104.  Water  found  just  under  a  hard  cap  rock  in  sand. 

No.  105.  Water  in  gravel. 

Nos.  106  and  107.   Water  was  struck  in  rcK'k. 

No.  108.   Water  found  in  sand. 

No.  109.   Water  in  red  kiel. 

No.  1 10.   Water  was  struck  in  rock. 

No.  117.  The  well  is  in  Oklalionja. 

No.  122.  Water  in  gmvel. 

No.  123.   Water  in  gravel.     It  is  used  to  irrigate  garden. 

No.  124.  Water  in  gravel. 

No.  125.  Water  in  slate. 

No.  12().  Water  in  sand. 

No.  127.   Water  in  soapstone. 
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Xo.  128.  Water  in  blae  soapetone. 

No.  129.  Water  in  gray  gypsam  rock. 

No.  130.  Water  in  sand. 

No.  131.  Water  in  sand  and  gravel. 

No.  151.  Water  analysis  No.  48. 

No.  152.  Water  in  sandstone. 

No.  153.  This  is  a  test  well  put  down  by  a  railroad  company.     Water  found  in 
nndatone. 

No.  154.  Water  under  sandrock.     A  strong  flow. 

No.  155.  Water  in  sand. 

No.  156.  Water  in  iron-sandstone. 

No.  157.  Water  in  sandrock. 

No.  158.  Water  in  sand. 

No.  159.  Water  in  clay. 

No.  160.  Water    in    shelly  sandstone.      (Well  in  Lincoln,  iwst-offiw  in  Payne 
County. ) 

No.  161.  Water  in  gravel. 

Nob.  162,  163,  and  1H4.  Water  in  sandstone. 

No.  165.  Water  in  sand. 

No.  166.  Water  in  clay. 

No.  168.  Water  in  wjft  sandstone. 

No.  169.  Water  in  gravel. 

No.  170.  Water  in  gravelly  clay. 

No.  171.  Water  in  clay. 

No.  175.  The  owner  says  it  is  like  putting  a  pump  into  a  river  to  try  to  pump  it  dry. 

No.  176.  Analysis  No.  52. 

No.  177.  Water  in  soft  red  sandstone. 

No.  178.  Water  in  clay. 

No.  179.  Water  in  white  sandstone. 

No.  180.  Water  in  clay. 

No.  182.  Water  in  clay  and  sand. 

No.  183.  Water  in  sandrock. 

No.  184.  Water  in  white  sandstone. 

No.  185.  Water  insandrock. 

Nofl.  187,  188,  189,  and  191.  Water  in  sandstone. 

Nos.  192  and  193.  Water  in  sand. 

Nos.  194  and  195.  Water  in  sandrock. 

No.  196.  Water  in  white  .sand. 

No.  197.  Water  in  sand  and  gravel.     The  well  will  till  up  in  30  minutes. 

No.  198.  Water  in  limestone. 

Xo.  199.  Water  in  flint. 

No.  200.  Water  in  blue  clay. 

No.  201.  Water  found  in  fine  j^ravel. 

No.  202.  Water  in  sandstone.     A  fair  supply. 

No.  203.  Water  l>etween  gravel  and  soa[)8tone. 

No.  204.  Water  in  clay. 

No.  205.  Water  found  in  sandstone. 

Nos.  206  and  207.   Water  in  sandnx-k. 

No.  208.  Water  in  limestone. 

No.  209.  Water  in  sandrock;  supply  abundant,  but  no  re<'X)rd  of  the  flow. 

Nos.  210  and  211.  Wat<'r  in  gravel. 

No.  216.  Water  contains  traces  of  H<Kia. 

No.  218.  Water  in  white  san«istone. 

Nos.  219  and  220.  Water  in  sandstone. 

N(».  221.  Water  in  .sandrock. 

No.  247.  The  well  has  since  gone  dry. 
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Washington^  D.  61,  June  15^  1905, 
Sir:  I  transmit  herewith  a  preliminary  list  of  deep  borings  in  the 
O^nited  Staters  (4<X)  feet  or  more  in  depth),  by  Mr.  N.  H.  Darton,  and 
^^^xjuest  that  it  be  published  in  the  series  of  Water-Supply  and  Irriga- 
t*ion  Papei-s. 

Very  respectfully,  F.  H.  Newell, 

Hydrograjplier  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  SiD^vey. 
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PKELIMINARY  LIST  OF  DEEP  BORINGS  IN  THE  UNITED 

STATES. 


By  N.  H.  Darton. 


INTRODUCTION. 

The  first  preliminary  list  of  deep  borings  in  the  United  States  was 
issued  as  Water-Supply  Papers  Nos.  57  and  01.  The  present  publica- 
tion includes  all  of  the  wells  listed  in  these  two  papers,  together  with 
many  additional  terings,  mostly  of  recent  date.  Messrs.  M.  L.  Fuller 
and  A.  C.  Veatch,  of  the  eastern  section  of  hydrology,  and  other 
geologists  of  the  Survey  have  contributed  many  new  data.  Descrip- 
tions of  borings  published  in  reports  issued  since  1901  have  been 
incorporated  as  far  as  practicable.     All  the  entries  are  by  counties. 

The  wells  and  borings  reported  in  the  paper  are  all  more  than  400 
feet  in  depth.  The  information  concerning  them  has  been  obtained 
partly  from  replies  to  circular  letters  sent  to  all  parts  of  the  United 
States  and  partly  from  geological  reports  and  other  published  sources. 
Owing  to  the  difficulty  of  oi)taiiuiig  replies  to  the  circulars,  to  lack  of 
knowledge  on  the  part  of  correspondents,  and  to  the  incompleteness 
of  published  records,  doubtless  there  are  borings  which  have  not  been 
reported.  In  regions  of  oil  and  gas  wells,  where  borings  are  numer- 
ous, the  individual  wells  can  not  be  listed  here,  but  representative 
wells  are  given,  lleferences  to  logs  or  records  of  the  wells  or  exttMided 
descriptions  of  them  are  given  in  footnotes,  and  after  the  list  of  wells 
in  each  State  there  is  added  a  list  of  the  principal  publications  relating 
to  deep  borings  in  that  State. 

The  bearing  of  the  information  given  in  the  colunms  of  the  lists 

probably  is  apparent  unless,  perhaps,  in  the  one  headed  "'  Height  to 

which  the  water  rises/'     In  t^his  coliinin  an  entry  such  as  *'— 45'^ 

indicates  that  the  water  rises  to  within  45  feet  of  the  surface;  '*  +4r)" 

indicates  that  it  is  a  flowing  woli  and  has  sufficient  head  to  raise  the 

water  45  feet  above  the  surface  in  an  open  pipe  45  feet  or  more  in 

height.     The  yield  in  gallons  per  minute  usually  is  cvstimated.     Depths 

and  diameters  often  have  be(Mi  reported  from  memory  and  diH'erent 

sources  of  publication  sonictinios  give  ditferent  figures.     Most  wells 

which  are  not  stated  to  be  '•  for  oil,"  '*  for  gas,''  '*  brine,'' '" abandoned, 

7       .; 
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DEEP  BOBINGS  IN   THE   UNITED   STATES. 


[^ 


etc.,  in  the  remarks  column,  or  *'  not  any  "  in  the  yield  cohimn,  gem 
afford  more  or  less  water.  Many  of  the  gas  and  oil  wells,  at'ti 
abandoned,  yield  salt  water. 

ALABAMA. 


Locvtioii, 


BaTilwfn  Tom  tit  y; 
Fort  Mdixiiih  . 
Btrlirnirrourily: 

Eulaula 

Do 

Harris 

Do 


Spring  mil 

Blount  (k>uiity: 

Oneonto 

ReedR(>ap 

Bullock  County: 

Buffhall 

FitBMLtrick 

Union  SpringN. 

Do 

Do 

Do 

Do 

Butler  County: 

Greenville , 

Calhoun  County: 

AnniRton 

Do 


Do. 


Choctaw  County: 
Blaiien  Springs. 


I>eptli. 


Dlftmt'-  lYiflil  iMT,  Height  of 
U*r.        miiiuto.  ,     water. 


Butler 

Cotbert  Cc^unty: 

SiR^ffle^lfl... 

Hiirtowr^n 

Ccn'tuKtotiOttutity: 

AiidiilusJft...' 

1M> , 

CTtniilmw  County: 

Brantley 

Cullman  ('ounty: 

Cullman 

Dallaft  County: 

Bognvf'h  I  tto 

Do 

Burton  Hill 

Cahalw » 

Cahatm  (on  river)* 

C^ihulM  (^mileH  Iwlou)  > 
CaliHlm » 

Do 

Do 

HunierH  Field 

Selmas 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tank  StuiWm 

Fayette  Count v: 

Firvette...'. 

Franklin  County: 

RusjH»lIville 

Do 

Greene  County: 

B«>liKtH)» 

I>oJ 

Do.» 

Do.» 


/>W. 


700 


Inrhe*. 


(Miliiui*. 


y^rt. 


Remarks. 


+400 
950 
700    .. 

4 
«-4 

51... 
6  , 

■"-■fto" 

780 

3 

I 

+  15 

COO    .. 

1 

—  18 

1 
600  i 

'... 

1.9CU)  1 

6 

1 

itto'.. 

1 

uoo  1 

« 

:.v! 

--  :k) 

Altandonetl:  milk 
at  110  feet  to    -1 


Unsuccessful. 


1.300  I  0  I  12 

1.000, Many. 

84841  6-2i  60 

848|l  8  150  I 

569  I Many 

750  I 


+400  ' 


400-550 

558  . 


1,300  I 

I 

mo  i 

1.550  , 

480 
1.145 


10-8 
8 

10 


-240 


Many 
100 
6U5 


•I- 


f      1.200   \ 
ttol.900   f 


(i<KMi  water. 
Do. 


-  CO  I  Two  wells. 

-  30  '  Several  wells. 

-  •»! 

-  80  , 


+  70 


30 


Water  salt:  first 
2tH)  feet,  second 
COO  feet. 


420    .. 

' 

Water. 

600                  1 
700    ... 

1 

! 

H(M)d  flow:  2  well. 
City  well. 

1 
>400    .. 
460 
544    .. 

6 

Ui.. 
75 

....... ^„ 

In  see.  8.  T.  18,  K. 
Temp.,  r>s^\ 

400    .. 

Temi»..  TM^. 
Temj*.,  7l>-\ 
2  wells. 
Temp.,  71  i^. 

500  ■ 
5<i0    .. 
72X    .. 
744  1.. 

400.555    .. 

6 

H)  ' 
KiU'h2'H)    .. 

1.2(H»  ... 

1,200  , 
1. . 

f  22 

""-7i<V 

5.^)0 
4'J9    .. 
470 

5 

6 
6 
6 

21-« 
6 

7()  : 
2:u»   .. 

-}-    IS 

Temp.,  (wr. 
Temp.,  72''. 

COO 
4H7 

(W)()     .. 

42.V.^i(K»    .. 

50(V-7(X» 

42t-7?«» 

no 
"""i(V"' 

10-1 H) 

—  2.S 

t-   to 

Flow. 

f-    :J 

Do. 
Teinjj..  6.H'\ 
1  welK. 
6  wells. 

560  ■ 

•H) 

t  li.'. 

Temp.,  7(r. 

5m 


1.  100 


2Hules«'a«it:  unMii 


115 
120 
4r..s 


ilie<.*onl,  Am.  AS.KK'.  Adv.Siienee  Vhh.,  vol.  M, 


Flows.      Teii>T). 

.  r.s". 

Flows.      Temp. 

*>*'•' . 

Flow>.  '  Temp. 

•'•<;'". 

KIow>.      Trmp. 

To  . 

'ibid.,  pp 

.  'JT-its 

DA1T03I.]  DEEP   BORINGS    IN    THE   UNITED   STATES. 

ALABAMA^^Conttnued. 


LorttUoti. 


li  tvfjie  Ooun  t  y— Con  tf  iiii«l, 

flimoJjHHK 
Do." 

EiitMvr 
JHi 
rorlcliiTi'l 

HaJv  (*(»uiiiy: 
Akmn 

KviiTi*iVltl4-  SLftiton 
tJn^iifibijrfi 

IHj 
fin^ii^lnmi   I  ID   ml  leu 

Nimthwest). 
Laiieville 

l)o 

l>o 

Ik* 

Unk  No. 2.. 

MillWIMHl 

I>o 
Moiindvilk' 

Do 
NewlKTn 

Do 
Powers 
Snuyenille 
Stewart 

Do 
Henry  County: 

I>4>than 
HiHLston  ('onnty: 
rolumbia 
Dothan 

Do. 
Jackson  C-ounty 

t^rviintfville 

l^rn1.rrr!;*l.'  l'.-iint>' 

Luwreiiee  County: 

JeiininKM  (3  miles  south 
east). 2 

J»Mininjfs 

Tt>wn  Creek  3 
Maeon  County: 

ArmstroUK 

Fort  Da  via 

RotHi 

Tn.MkeMee 

Di 

Madiion  <V>unty 

Hazlejrreeu* 

Newmarket  * 

MarenKO  County: 

Deinopolm 

Do 

Do. 

Do. 

Demopoli.M  (3  miles 

south). 
Demopolij*  (4    miles 

northeast). 
Faun.sdale 
Do 


For  gas;  unaiiccesHful. 
Gas,  oil, and  Halt  water. 


For   oil:    unsueeessful; 
yields  some  ^as. 


SeieiU'r  Troc 


^Record,  Am.  Aswk' 
10.  p.  9S. 

*Ala.  Geol.  Surv.  Kept.  Valley  Uegious,  i>art  1 
pp.  01-62. 


»  Record,  !»«.  !»d  (i<H)l.  Surv.  Rept.  II.  p.  '283. 
*  Record.  Ala.  Ueol.Surv.  Rept.  Valley  Regions, 
part  1,  p.  127. 


10 


DEEP   BORINGS   IN   THE    UNITED   STATES. 
AIjvVBAMA— Continued. 


I  NO.  149. 


Uioation. 


Marengo  County — Cont'd. 
Linden 


Do 

Marshall  County: 

Gunteraville 

Mobile  County: 

Fort  Gaines , 

Mobile 

Do 

Do 

Do 

Do 

Do.» 

Do 

8t.  Elmo 

Mon^omery  County: 
Montgomery 


Do 

8prague  Junction  . 
Morgan  County: 

HartuelP 


Perry  County: 

Uniontown 

Do 

Do 

Uniontown     (10    miles 
south). 
Pickens  County: 

Dancey 

Sherman 

Pike  County: 

Troy 

Do 

Do 

Hannon  

Ruisell  County: 

Hatchec'hubbee 


Depth. 


Diame- 
ter. 


Hurtsboro 

Do 

Do 

Do 

Do 

Oswichoe 

Fittsboro 

Scale 

Sumter  County: 

Epes 

Do 

Livingston 

Warsaw 

Tuscaloosa  County: 

Holton 

Tuscal(M)Rii 

VVlllif()rdsljm<ling(  Syl- 
van iMist-otlWv). 
HIe<lgcs 


Feet.       I   Inches. 
1,193 


1,200 

1.006 

919 
700 
735 
800  I 
800  I 
850 
1.656  I 
1,526  ' 

550 ; 

650-450  ' 

I 

448-1,091  I 
400  I 

1,730 


•  895 

1,195 

1,085 

875 


450-903 
600-725 


2,700  I 

2,632  , 

360-650  ' 

480  I 

420  ' 


530 
530 
550 
565 
526 
465 
445 
400 

700 

500-9:W 

1,010 

1.062 

400-702 

514 
520 
400? 

490 


1* 
8-6 


Yield  per 
minute. 


CiaUons. 
1 

20 


Height  of 
water.     I 


Flows.  I 
Flows.  ' 


Remarks. 


Water   at    1,040    to    1.115 
feet. 


6 

6 

400 
1,000 

+  90 

6 

6 

-H  70 



1 

1 

1 

6 

974-200 
60-130 

-  60 
-45  to  4  6 

8-6 

-  75 

«» 

8 

• 

-125 
-120 
-200 
-  40 

-22  to +20 

8 

300 

4-3 

One  2 
4 

io 

One  31 
6i-30 

75 

4 

-  40  , 

8 

Noflt)\v...i 

4 

-    9 

4 
3 
3 
3 

.4i6 
+  11 

4  12 

-    9 

-  9 

-  23 

8 

12 

i 

-  75 

Temp.,  60°. 


Temp..  76°. 
Temp.,  78°. 
Temp..  76°. 
Temp.,  78°. 


4  wells:  originally  flowed 

to  +20  feet. 
Several  wells. 


1  mile  north  of  town;  salt 
water  at  3.')2  and  1.730 
feet:  gnsnt  602  and  1,094 
feet:  sulphur  water  at 
160  feet. 


Water  from  870  feet. 
Water  at  775  feet. 


3  wells, 
rnsuceessful. 


Small  supply  of  water  at 
250  feet. 


. 

3 
1-28 

4-     li 

I-- 

2-5 

24  to  +30 

,'          2-. 

l-5i 
50 

-30  to +40 

6 

-    14 

?   ... 

Many  wells. 
2  wells. 
Sc'vcnil  wells, 


Many. 


CO  I 


10,  p. 
V.  R( 


Ala.  (k'ol.  Surv.  Kept.  Valley  Kegions.  part  1,  pp.  02-4)3 


LIST    OF  PUBLICATIONS    RELATING  TO    DEEP  BORINGS    IN 

ALABAMA. 


Report  on  Valley  Regions,  .\labaina  Geological  Snrvev.  part  1. 

American  Association  for  the  Advancement  of  Science  IVoceeiiinjrs,  vol.  10. 

Science,  vol.  10,  Nov.,  1902. 
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11 


Location. 

Depth. 

Diame-   Yield  per 
ter.        minute. 

Height  of 
water. 

Fixt. 

Remarks. 

Graltam  County: 

Plnm        ...   .   .   X . .  . .  X 

Feet. 

500 
430 

1,300 
760 
475 

1,420 

1,475 
500 

1,029 
400 

488 

600 

f               900 

t        i.iop 

765 
634 

1,700 
413 

1.025 
936 

1,100 
500 

Inches,  j  QaltoM. 

rnsuccesful. 

i^afford 

No  flow. 
No  flow. 

-700 
-  20 

TbAteher 



Few. 

SUrkooa  County: 

GiUBend 

Phooiix 

5 

Abandoned. 

Do 

Do 

Do 

[ ']" 

Phoenix  (12  miles  west) 

Not  completed. 

Sentinel 

5' 

50 

-185 

Wickenbury.  northwest 

No  good  results. 

of. 
Mohave  County: 

Drake 

Haviland 

Kingman 

{!^phur  Springs  Valley  i . 

10 
10 

} 

Many. 
/No  wa- 
t     ter. 

j:;:e:;;: 

In  pnigress. 
GO  milcM  north. 

Yocca  ...'...7. .'. . . 

-325 

Satisfactory  water  supply 
No  frei<h  water. 

N'avakk  County: 

WinsJow... 

' 

Pinal  County: 

Florence   

6          Few. 

10  1  No  WH- 
1       ter. 
12-8  '    No  WR- 

Well  never  used 

Yavapai  C/Ounty: 

Ai!hF6rk 

In  volcanic  rock. 

Aubrey 

Yuma  County: 
Mohawk... 

51-41 

ter. 

3  wells. 

Do 

28 

1  Record,  Am.  Philos.  Soc.  Proc..  vol.  40,  No.  167,  pp.  161-164, 1902. 

PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  ARIZONA. 

American  PhiloBophical  Society  Proceedings,  vol.  40,  No.  167.,  pp.  161-164, 1902. 

ARKANSAS. 


Location. 

A«hii'>*  County: 
Crossett 


Do 

Portland 

Benton  County: 

Gentry 

Do 

Do 

Do 

Bradley  County: 

Warren  (1  mile  east) . 
Chicot  County: 

Dermott 


Clerk  County: 

Arkadelphia     (1     mile 

east). 
Arkadelphia    (2    miles 

east). 
Gordon 


Gordon  (4  miles  south 

of.at  Old  Empire  mill) 

Okolona  (3  miles  south- 

Cleveland  County: 

Anderson 

Kedron  (1  mile  west,  at 
Kendall's  mills) 


Depth. 


FM. 


976 

460 
400 

492 

h     700 

l.OUO 

hl,3oO 

G48 


410 

7fjO 


402 
4U0 


432 


457 
700 


Diame- 
Inches. 

Yield  per 
minute. 

Giiilons. 

Depth  to 
water. 

Feet. 

-  74 

-  3«J 

-  80 

Remarks. 

Fresh  water  80-110  feet. 
Sulphur  water  450  feet. 

Salt  water  975  feet. 
AI>andoned. 



-  30 

-  19 
No  flow. 

-  80 

Alkaline. 

>^6i 

420 

7 

Water  at  700  and  900  feet. 

4-2i 

100 

-  36 

-  11 

Flow. 

Water  from  sand  at  about 

600  feet,  pumpe75  gallons 
f>er  minute. 

Stmng  flow  of  salt  water 

at  450.  rt>('kat551  feet. 
Suit  water. 

Oil  well;  abandoned  arte- 

10-t; 
3i 

LarKC. 

+  20 

-  60 

-  :tt) 

-  32 

-  50 

sian  water  at  198  feet;  salt 
water  at  about  600  feet. 

Hard  water. 

3 

42 
Large. 

Sulphur  water. 
No  waiex. 

CONTENTS. 


Page. 

Letter  of  transmittal 5 

Jntrodoction 7 
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Publications  relating  to  deep  lx)rings 14 
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Publications  relating  to  deep  Iwrings 18 
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Publications  relating  to  deep  borings 23 
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Delaware 24 

Publications  relating  to  deep  borings 24 
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Idaho 30 
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Publications  relating  to  deep  borings 38 
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Publications  relating  to  deep  lH)ring8 46 
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Iowa 47 

Publications  relating  to  deci»  lK)ring8 50 
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Publications  relating  to  deep  Ixirings 56 

Kentucky 57 

Publications  relating  to  <l(H'p  ]x)ringH 59 

Louisiana 60 
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ARKANSAS— Continued. 


Location. 

Depth. 

FM. 
500 
543 

1,400 
400 

1,615 

+700 
1,006 

650 

466 
460 

501 

400 

5W 

460 
450 
540 

1.4H0 

Diam- 
eter. 

Yield  per 
minute. 

Height  of 
water. 

Rema 

Phillips  County: 

Helena 

Inches. 

12-6 

8 

OalloM. 

10 

656 

Small. 
Many. 

Fed. 
-30 
-80 

Flow. 
No  flow. 

-20 

No  flow. 

Do --- 

Hkc  County: 

Pike  City  (5 miles  w 

9Uth). 

Oil  well;  UUR 

Bowen 

Several  wells 

Polk  County: 

Mena 

in  the  coun 
Abundant    k 

Do --- 

10 
12-10 

6 

4 

6 

61 

Many. 

posed  as  ax) 
waterworks 

Pope  County: 

RuflHellville    (rail 

road 

Abandoned; 

well). 
Randolph  County: 

at  90  feet. 
In  progress. 

St.  Francis  County: 

Forrest  City 

Many. 


-ieo' 

-  25 

-  6 

-125 

+  25 
+     H 

-  60 

Do 

Sebastian  County: 

Hunting^n ^ 

. 

Sevier  County: 

Ben    Lomond    ( 1 

mile 
mile 

Water  stnirk 

south). 
Ben    Lomond    (i 

south). 
WhitexJliffs 

8 



Do 



Temp.,  65°. 

Do 

Temp.,  64°. 

Washington  County: 
FayettevUlei 

1  Record,  Ark.  Geol.  Surv.  Rept.,  vol.  2,  1891,  pp.  67-69. 

LIST  OF   PUBLICATIONS   RELATING   TO   DEEP  BORINC 

ARKANSAS. 

Arkanrafl  Geol.  Surv.  Report,  vol.  1,  1891. 

Geology  and  water  resoiirceH  of  northern  I^uipiana  and  southern  Arl 
A.  C.  Veatch:  Prof.  Pajier  U.  S.  Geol.  Survey  No.  46.     (In  preparation.) 

CALIFORNIA. 


Ijo<*atlon. 


Alameda  County: 

Alameda 

Do.i 

Centervillf 

Fltchbun?  •■«.... 

Irviiiglon 

Oakland 

Ontarla 

Butte  County: 

Chico 

Onivilh' 

FfpMH)  County: 

Coalinga* 


Frosno 

.1.  <t.  .lRni««j!'j*  much 

King?4burK 

(ileini  County; 

Nomuin  (2  miles  north)' 


Noniirtu    (»i>M)Ut 

WMltlU'RSt). 

Iijvo  ('<»untv: 

'  Bishop 


inik' 


I>optli. 


lYft. 

•IK9    : 

409  ' 

442  I 

400-AOO  I 

WW  ' 

457 : 


Diam- 
eter. 

Inchfs. 

Yield  IMT 
minute. 



7-12 

l.()0() 

112 

9i 

i\H(i I  Sev«TJil. 

JMX)  I  'A  \  4  ' 

I  I  i 


Height  of  I 
water,      i 


Ffct. 
Surfaee. 
8 

Flows. 
No  flow. 

Flows. 

Flows, 
No  flow. 

No  flow, 
lows.? 


Rema 


I- 


Several  well.«> 


Numerous  <»il 
groups;  one 
the  other  •» 


COO-WM)  I 

600 ;. 

1.100  ,. 


7-8  I     Flows. 


4    :^     Seveml  wells. 
No  Mow. 

^1.')     Small  amour. 
:W7  fe<'t. 
Surface.      Small   arnoui 


420  , I , In  progrcN 


1  Keeonl,  Cal.  State  Mining  Bureau,  Uth  Kept.,  '  Analvsi 

1891-«>2.  pp.  i:}.>-136.  «Kei'onl 

«lbid..  p.  134. 


S  J»»i<l..  12tli  Kept..  \KK<-'M 
ibid.,  nth  Kept..  Is91-y2. 
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1                  Location. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Flows. 
Flows. 
Flows. 
Flows. 
Flows. 

Remarks. 

1       Kern  rounty: 

1            Bakerxfield 

J-Yet. 
480 
500 
1,100 
600 
400 
410 
713 
822 

828 

636 

457 

495 

524-600 

500-1,360 

500-800 
1.300 

740 
960 

100 
465 
412 
9S5 
2,038 
500 
460 
450-1. 300 

+1,000 

+     900 

1,4^5 

1.1«6 

600 

500 

550 

Inchet. 

1 

QaU(m$. 
30 
300 
480 
80 
1,500 

Do 

00 

Do 

8 

8 

Do 

Bof nsTista 

Oil  HtSrifeet. 

Delano 

15 

8,470 

Flows. 
—  3 

DeUno  (5  miles  south- 

west). 
Deltno  (18  mileN  west) . . 

11-7 

8 

8 

*-7 

1.077 
1,670 

Water  strata  between  484 

Miremonte 

Flows. 

feet  and  bottom  of  w«ll: 
sulphur  and  other  min- 
erals. 

Do 

Semitropic       

Many. 

Flows. 

Smyrna  Colon  v 

2  wells. 

Soowt  IMrtrlct ' 

Nnmprons  oil  and  brln6 

KlnipCoanty: 

Hanford  « 

9-7 

10(M0O 

Flow. 

wells. 
Numerous  wells. 

Do , 

Uwen  Connty: 

Bfeber 

4 

.^^iMnville 

—10 

Los  .\ngeles  Connty: 
AlhamDra           

7 

Oil  well. 

Clearwater  (?) 

«•"& 

Downey 

2 

Garvahza  (west of) 

Glendora 



For  oil;  unsaccenfol. 

5i 

8 

9-7 

No  flow. 
Flows. 
Flows. 

Lonar  Beach 

1.100 
Many. 

Bci!_ .::::::::.:::: 

Los  Angeles  ' 

Numerous  oil  wells;  some 

Los  Angeles  (The  Ivan- 

boe).? 
I/is    Angeles    (United 

States  Hotel) .« 
Los    Angeles    (Stewart 

abandoned. 

doned. 
Gas  at  900  feet. 

For  oil:  unsuccessfuL 

and  McFBrland).^ 
Los  Angeles  r  Angelina 

For  oil  drgHs;  abandoned. 

Heights).* 
Los    Angeles    (Boyle 

For  oil:  unsuccessfu]. 

Heights). 
Los  Angeles  f  Dr.  Long's 

7 

Hmall  supply  of  oil;  aban- 
doned. 
Do. 

ranch). 
Los  Angeles    (Lookout 

Mountain). 
LiM  Angeles  (few  miles 

Mjutheast). 
Los    Angeles    (4   mik-s 

Gas  well. 

820 

^    .soo 

658-1. 4.s.'> 
5*J<) 

1 .  -joo 
WKw  7:r. 

100  l.T.V) 
-i  5(K> 

l.'iOO 
fixO 

6:« 

400 

100 
412-550 

Small  supply  of  oiL 
.Small  flow  of  gas;  aban- 

northwest).* 
Los  Angeles  (5|    miles 

west).' 
Lns    Angeles    (6    miles 

west).' 
Lns   Angeh^   (10    miles 

doned. 
Two  wells,  for  oil;  unsuc- 

cessful. 
Two  wells,  sulphur  water 

north  of  west ).  * 
Norwalk    

and    some    gas;    aban- 
doned. 

Pasadena 

N<»  water. 

Pico 

Numerous  oil  wells. 

Puente*  

Do. 

Han  Gabriel 

7 

Madera  County: 

MaderaT 

Do 

Madem  (6  miles  west) . . . 
M«»ndorlno  County: 

Potter  Valley 

i 

5 

-  3 

HOWH. 

-  11 

Merced  C^mnty: 

Atwater 

Dos  Palos 

Several  wells. 

»Cal.  State  Mining  Bureau.  12th  K.pt..  18«>:i-94. 
pp.  353-354:  record,  ChI.  StAtc  .Mining  Bureau 
BuH.  No.  3,  Gas  and  Petroleum  Yieldinjj  Forma- 
tions. Central  Valley,  p.  30. 

»Ibid.,  nth  Kept..  1891-92.  p.  4<t9. 

»Ibid..  Bun.  No.  11,  Oil  and  Ghh  Yielding  Fi»r- 
mations  of  Los  Angeles.  Ventura,  and  Santa  Bar- 
bara oonnties,  part  J.  pp.  14-17. 


Mbid..  7th  lU'pt.,  1HK7,  p.  7S. 

*ll)i<l..  p.  77. 
,  Mhid..  Bull.  No.  11.  Oil  and  (ias  Yielding  For- 
mati(»ns  of  l^is  .\iigclc>>.  Voufura,  and  Santa  Bar- 
l)ara  counties,  part  1.  pp.  lH-21. 

•  Ibid.,  nth  Kept.,  1891-92.  p.  211. 
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(Ha 


etc. ,  in  the  remarks  column,  or  *'  not  any  "  in  the  yield  column,  gener 
afford  more  or  less  water.  Many  of  the  gas  and  oil  wells,  at'tive 
abandoned,  yield  salt  water. 

ALABAlVLi. 


Ijoeation. 


B«ttlw1n  County: 
Fort  MonpLti  , 

B«r1k)iir  County : 
KkiUnla 

HdrHii -,*. 


Bprinff  mil 

BU*nni  *;oiinty: 
tijieonli) ,. 

BullnckCrjuntT: 

BiMEhAU    .: 

FItsiiatHpk 

Utiloti  BprTfifii! '. 

Ito... , 

Ui „, 

Do* 

Bnllcr  Covintsr: 
Grt»envltlc.„, 

Cftlhouii  County: 
AntiLiitfin..«.... 
Do.,.. 


Bo, 


ChopUiw  County: 
BlMon  gpnn^, . 


I>eplh. 


Butler. ,w..„ ,,. 

Cnlliert  County: 

Sh^moM,.- ..,,. 

C<Miwi  Omnly: 

llinHivt-r(?)  ._,„ 

Co^'kitrtimi  n>untyr 

AnilHlUMin..... ..,„ 

Twi. 

Crt*n?tiinw  Cjfumty: 

Itnintluy  ,^^, 

Cllllttinn  i  "(nuily: 

('ullnmn 

DallAK  County: 

BoKMtH'hUto 

Do 

Burton  Hill 

(^atitiluii 

(?ahH))ti  (on  riVfD^ 

Calm  ha  (.')  miles  Ik'Iow)  '. 

Cuhahui 

])(» 

Do 

UuntrrN  Field 

Solina'' 

Do 

D«) 

Do 

Do 

Do 

Do 

Do 

Tank  .Station 

FiiytUi?  outiiv: 

Fiivt'tti^     '     

FrriitkllJi  CnjEinlv: 

KllS-r]lv  llr  

]*.. ' 

Ott^in*M'<iiiTilvr  I 

Boll|t*tJ^ I 

Wij.*. I 

DoJ i 

Do.» ! 


f^ft. 


700 

+400 

700  ' 
TM  , 


1,^(0 


+  100 

I 
I0(^^V) 
mi  L 

1,300  ! 


Am 

700 

d400 
160 

400 
THK) 
TM'iO 
72S 
741 
400.  ;Yv=> 

4')9 

470 

GOO 

487 

OPtO 

42/>-rHX) 

riO()-7lK) 

421-780 

600 
1.400 

i.:«)o 
4ir) 

420 
4(>k 
522 


DJjimtJ-    Vlt^ld  pvT   Height  of 
let.        mlaaw,       water. 


Inrite*. 


W»  I. 
yOLI 
1.300  1 

i.ouo ;. 

mn  . 
7M  '. 

I 


1 


i 


10 


liiititm*. 


Ftct 


Remark.*. 


•| 


-  f)0  • 

■■-f*i5* 

-  18 


:r 


Almndoned;  milky 
at  140  feet  to  -151 


I'nsueceMSful. 


Many.  I 
BO 

Many. 
Many. 


-  30 


--  30  ; 

-  4  , 

-  ^  ', 

+  70 ; 

-  30 


'  (fOod  water. 
Do. 


Two  wells. 
Several  wells. 


-  40 


Water  salt:  first  fl 
2110  feet,  .seeond  t! 
000  feet. 


()            7r> 

2.') 

Fjiciijrio   ... 

\-  2-J 

1,2(H) 

1,200 

-7iri 

f)                 70 

.  ..          2:u)     .. 

^    IS 

«i   , 

so  , 

no 

UN)  I 


.vc. ;     10  ,  I 

2i-rt  i       10-110 

(i  I  90  ; 


■i-  2S 

■k-    10 

Flow. 


Water. 

(;(Mid  flow:  2  wells. 

City  well. 

In  s«M'.  s.  T.  18.  K.  8 
'ri'iiip..  r>y\ 

Temp..  7:'.j'"'. 
Ti'ini...  70'\ 
2  wells. 
Teini...  77i^. 


Teiup..  i\7V\ 
Tfinp..  72'\ 

Do. 
T«'ini».,  i'>s'\ 
\  wells. 

C.  wells. 


-I  :r) 
-  :u) 


Temp.,  7i)\ 


2  miles  east;  unsiice 


FIow.»<. 
Flows. 
Flows. 
Flows. 


Temp-.  *►<■'. 
Temp..  <i<ii'". 
Ti'Uip..  7U  . 


1  Record,  Am.  Asset'.  Adv.  ^H^ience  Pruc.,  vol.  10,  i».  Ui). 


2 Ibid.,  pp.  y7-'.»s. 
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Location. 


fin-f  ne  <'ounty— Continued. 
Boligee   (at  Fine  he' 8 
ferry ).» 

Do: 

l>o 

Burton  Hill» 

J»o.» 

I>o.i 

Kutawi 

Kulaw  (10  miles  soMth-  i 
west).* 

KlltHW 

I)o I 

Forkland : 

f  iai  piton 

KleeleM  Bluff 

aI**  County: 

.■\kron  .'. 

Kvan.sville  Station 

1  ^nt'nslxiro 

IH> 

f  i nHMi.HlM »ro    V 10   in  il e 8  i 

R«>uthwetst).  I 

L^aneville ' 

Do I 

Do 

Il4» 

Do 

IxKk  No. 2 

>liUwo<Hi 

Do 

^oundville 

Do 

>'ewlicrn 

Do 

l*owerM 

>Niwyerville 

Mewart 

Do 

**iirv  C4)unty: 

I)i»than 

■>tision  County: 

i'olumbia 

Dothan 

Do 

^<^:ks<»n  County: 

CariM'iiter ^ 

Uirkin.sville 

J^fter^on  (bounty: 

Rirmintrhaif) 

^-Audtrdale  County: 

Florence 

»-ftNvren<'e  County: 

JeuniuK^  (3  miles  .south 
ea8t).s 

JcnniuKM 

Town  Creek  =• 

Macon  County: 

.\rmstronk 

Fort  DaviR 

llu\m, 

TuskcKee 

Do 

Madison  County: 

HazleKret?n'. 


Depth. 


Feet. 
560 

500  ■ 
-150  ' 
Ml 
420 
555 
743 
440-550 

40O-1,  lOf) 
420 
575 
530 
400 

400 

6:u 

40(K-H00 

l.tiOO 

450  or  Mf)0? 

710 
719 
750 
715 


Diame-  'Yield  per 
ter.         miinite. 


Inrheit. 


3-1 


Gallons. 


Height  of 
water. 


Remarks. 


Flows, 


+  22 
+  10  , 


Many. 


Many. 


Newmarket  * 

Marenjfo  County: 

Denioix)liM 

Do 

IK> 

Do 

Demopoll.«»  (3  mi  Ics 

w>nth). 
Demo  polls  (.  I    m  ih-s 
northea.«*t). 

Faunsdnle 

IH) 


400 
r.00 
500 

480 

475 
410-.^iOO 

40(; 
440-4.40 

600 
400-620 

645 

485 
625 
(K>5 

400 
400 

550 

4-400 

5, 120 

2. 120 
515 

412 
422 
4rH) 

7«.0 

054 

965 

765 

7:ir> 

sou  I 
l,:i50 

500 

700  ' 
l.'iO-KiO  ! 


3-li 


7,10 


+  3 
+  2i 
+  25 

-  15 

-  3 

-  30 


Flows. 

Flows. 

•20 


Temp.,  71°. 

Temp.,  7(P. 
Temp.,  75° 

Temp.,71°-724<^:  4  wells. 
Several  wells. 

'21  miles  eas^ 


Several  wells;  good  water. 


+    2 

-     1 

10  1-1  to  +  16 


Temp.,  75°. 
Tom  p..  76°. 
In  progress. 
2  wells. 


2  wells. 


30 

3-35 

71 

U7 

+     4 

One,  3 
3 
3 

One  flows. 

t  25 
-8  to-  10 

-h  8 
-89  to +35 

-150 

-    8 

3 

H 

6,8 

8-6 

8 

50 

8-4J 

50 

-i« 

1 

70 

30 

6 

6 

4 

62 

5  wells. 
4  wells. 


'I 


:w 
1.') 

60 
Many. 
Many. 

200  . 

] 

8  j 


Flows. 

■\    20 

♦    12 

Flows. 

'-  ilo  i 

Flow.  ' 


Unsuccessful. 
I>o. 


For  gas;  unsucres.MfuI. 
Ga.s,oil,and  salt  water. 

Abandone<l. 

(_i(xxl  water. 

Cf(K)d  wate*  supply. 
Cn  successful. 
lh». 

For    oil;    unsuccessful 
yields  .some  gas. 


Temp.,  64". 

Several  wells. 
5  wells. 


Adv.  SciciK 


'Record,  Am.  Aks<m 
10,  p.  «5. 

-Ala.  Geol.  Surv.  Kept.  Vallcv  Kcgions,  part 
pp.  61-62. 


vol. 


3  Record,  Tii.  2d  (teol.  Surv.  Rept.  11.  p.  '2Ki. 
♦  Rcconl.  Ala.  Geol.  Surv.  Rept.  Valley  Regions, 
part  1,  p.  1*27. 
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t  NO.  1 


ALABAMA— Continued. 


UvAtion. 

Il«ptb, 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Feet. 
Flows. 

Flows. 

Remarks. 

i.m 

1/JUO 

1,006 

V19 
7(» 
735 

goo 

800 

850 

l<Wfl 

l.ftM 

lOU 

i,7ao 

4fiO-9o9 
fflXl-72& 

2,700 

3,'iOHi.W 
4W 

420 

5:i0 

rm 

ftTiO 

r,6.5 

526 
465 
445 
400 

700 

500-9:^0 

/            1,010 

1            1.0()2 

400-702 

514 
5-20 
400? 

490 

(M'.  vol.  10.  l> 
Jeol,  Surv.  R 

Inches. 

(iailoM. 

1 

'20 

Water   at    1.040   to 
feet. 

Do „, 

U 

8-6 

6 
6 

Manhall  County: 

Uunteraville,  .,**.». 

Temp.,  OOP. 

Mobile  County: 

Fort  Gaines,. .>*«*.  ..^j,. 



Mobile , ,,..*.. 

400 
1.000 

Temp..  76°. 
Temp.,  78°. 
Temp..  76°. 
Temp..  78°. 

Do „ 

+  90 

Do. .., 

6 
6 

Do *.„...*,..*- 

+  70 

Do         ,..,.. 

Do.» , 



Do 

1 

St.  Elmo , 

Montgomery  County: 

Montgomery  . . ,  * , 

6 

974-200 
60-130 

-60 

-4.^10  4  6 
75 

4  well.««:  originally  fl< 

to  +20  feet. 
Several  weJls. 

Do 

Sprague  Junetion  .,.,.., 
Morgan  County: 
Hartnell  * . . 

8^6' 

2 

8 
8 

1  mile  north  of  town 

Perry  County: 
l*niontown. 

-1-25 

120 

-•200 

-  40 

-22  to +'20 

water  at  352  and 
feet:  gas  at  602  and 
feet:    sulphur  watt 
160  feet. 

Do 

:iOO 

Water  from  870  feet. 

Do 

Unlontown     (10 
south). 
Pickens  County; 

Dancey ^ 

Ull«i 

One  2 

4 

10 

One  3i 
6i-30 

Water  at  775  feet. 

Sherman...,      *.*.„**    , 

3  wells. 

Pike  County: 

Troy ..<**>..«*».*»» 

rnsneeessful. 

fe::::::::::::::::::: 

75 

Do 

Hnnnon 

4 

4 
4 
3 
3 
3 

-  40 
No  Mow... 

-  9 
9 

-  9 

:1 

Russell  County: 

Hatchechubbee  . . 

s 

Small  suppiv  of  wat 

Hurtsboro   .....  

2.*»0  feet. 

Do 

*  10 

4  11 

»  12 

Do 

Do 

Do 

(  )<4\vi(*lH'l' 



12 

l'ittslM>ro 



Scale            

4 

2-5' 

I 

75 

+  n 

24t(»  v30 

Sumter  County: 

FlHJ^             •     .       

1-2H 

Do 

Manv  woUs. 

Livingston 

Warsiiw           

2  wells. 

1 

2-4 

6' 

4 

KM\.  Nov. 
'Pl.  Vdllf 

l-5i 

Many. 

21.  1*HL>. 
y  Ki'Kions. 

30  to  ;40 
i4 
CO 

part  1.  pp.  « 

.<i'Vt'ral  wt'll.*i. 

lultiui 

'|'||«4'|l]lliilRA 

^  ]1  rortl^Uiiifltn 

H(Syl- 

1  Scien 
-Ala.i 

>2-r,:i 

LIST    OF  PUBLICATIONS    RELATING  TO    DEEP  BORINGS    IN 

ALABAMA. 

Rei^»rton  Valley  Hejzions,  .Mabamii  (ief)l()jjical  Survey,  part  1. 

American  Aasoi'iatioii  for  the  .Vdvaneenient  of  Science  I'nMcetlin^s,  v(^l.  10. 

Science,  vol.  16,  Nov.,  1902. 


DEEP   BORINGS   IN   THE   UNITED   STATES. 
ARIZONA. 
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>n. 

Depth. 

Diame-  Yield  per 
ter.        minute. 

Height  of 
wat«r. 

Remarks. 

FM. 

^.20 
500 
430 

1,300 
760 
475 

1,420 

1,475 
500 

1,029 
400 

488 

600 

f              900 

t        i.iou 

765 
534 

1.700 
413 

1.025 
936 

1,100 
500 

Inches.  ,  GaltoM. 

Feet. 

Unsuccesful. 

No  flow. 
No  flow. 

-700 
-  20 

■  "Few. 

V'- 

5 

Abandoned. 

miles  west) 

Not  completed. 

5 

50 

-185 

,  northwest 

No  Rood  results. 

10 

In  pn>Kre}«. 

10 

Manv 

} nr- 

1 

60  mileN  north. 

ngs  Valley  1. 

/ 

-325 

Satisfactory  water  supply 
No  freMh  water. 
Well  never  Ufied. 

6         Few. 

10     No  wa- 
1      ter. 
12-8      No  wa- 

In  volcanic  rock. 

5MI 

ter. 

3  wells. 

28 

» Record,  Am.  Phllos.  8oc.  I'roc..  vol.  40,  No.  167,  pp.  161-164. 1902. 
ATIONS  RELATING  TO  DEEP  BORINGS  IN  ARIZONA. 
^hiloflophical  Society  Proceedings,  vol.  40,  No.  167.,  pp.  161-164, 1902. 

ARKANSAS. 


^n. 

Depth. 

Fret 

976 

450 
400 

492 

'      700 

1.000 

.  I.:j.^i0 

r.iH 

TfiO 
.V)l 

no 

7«",0 

-loo 
rrj 

■l.'.T 
700 

Diame- 
ter. 

lurhtH. 

Yield  per 
minute. 

GnUon*. 

Depth  to 
water. 

Fat. 

1       -  w) 

Remarks. 

Fresh  water  80-110  feet. 
Sulphur  water  iAO  feet. 
.^It  water  975  feet. 
AI>an<loued. 

-  30 

Alkaline. 

Ji-6i 

420 

-  19 
No  flow. 

-  30 

7 

Water  at  70U  and  900  feet. 

illeeast).... 

'2k 
4-2i 

100 

-  36 

-  11 

Flow. 

Water  from  sand  at  alK)ut 

I     (1     mile 

600  feet. punn)s7r»Kallona 
per  minute. 

Strong  flow  of  salt  water 

I     (2    miles 

Larjrt'. 

-  -V, 

at  4.')0.  nxk  at  .V»l  WvX. 
.^alt  water. 

Oil  well:  al)andone(1  arte- 
sian water  at  198  fi^et;  salt 
water  at  about  600  feet. 

miles  south 
Empire  mill), 
miles  .•MUith- 

-  60 

-  'M      Ilnni  water. 

ty: 

3 

42 
Large. 

-32 
-SO 

- 

lile  west,  at 

mills) 



Sulphur  water. 
No  water. 
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Alt  liL«r8  A&S^-Ckjti  tinued. 


TiOcjtdoti. 


Wftldo., 


Craighead  Coaniy : 

JoTiesbom  iwatcrworkiH) 
Juiiettborvi 

Turrell ...*, 

Dniliia  Comity: 

Ktirdyce ,**** 

rH^liii  County: 

ArkaaROflCtty..,.*... 
Dri-w  Onmty: 

BliwvHle , ,. 


Monil  eel  lo  { cotton  roll! ) 
MoTiticello  (Pity  well).. 
M<>ntlcello  (lo**  w*>rlc»>. 
ilonilcello 

T*o ,. 

Wflmjer... --.,,-„,---,. 

Do,, , 


Do..„, 

GBLrlfiTir!  Ckvuntj; 

CoUunbuH  „ 

Fulton  .* 


'FSiltoTi  Hl^  mlln  floulhi 

uli^iiiith  liliJW). 
Pulton  1 7  miles  «)t)thp  at 

FergitKin  plHCuh 
Do....^. ..........  . 

GuerosiJF  {rail mud  well) 

GiiCTHiay  ( ]  4  *^  * '  t-**  ^^*  l  J^ ) 
Gnemsey  U  |  miti'Sfiimth- 

H opt  (city  well)  .... 


Hope  ,„.,,,„,,..*..*.*. 

Hope  ( wntorwnr  kn  ^ 

Hi »r*e  { if  1.^  fin  ! ory \  ,***.. 

Hiipe(oiJnill])... 

Hope  , „,_,,.*„., 

Hnpi.^  ^bnille^inu^eiuit) 
HolK^  . . , ....,,.... 

Do.. .,„...,...-. 

Bo 

Do ,-.,, 

T>o 

S^pTlnjihUl  U  ii^np  nr»rth  I . 
^tprlu^litll  Ul  mil4^ 
nitrlhwt»filL 

Pj.rinifbSll ., 

HpriTi^hni  ( 2  mfl4«imn  h- 

Sprin)?Llll 


!>.>. 


Depth. 


Wiuli  I  n^tcm  ^  „ , .  „ , 

YHm'y .p., 

HoiJ^prinK  <'<»TnUy: 

MnlviTo 

Allbrixik  ^  Iniih'  ensM  ... 
AlllirvMik  f  J  mlVMiarllik. 
AUbroukritmili^H  iu»rth) 

Aillinx^t  {'2  mile*  wi'^h.. 

AlUmH>k ....' 

Bur-kmrij^f^,  r-f  rif^*r|iii1ii(  , 

t2  nilji.'^poniio,  , 

j^aJIiu"  Utmljtw'.„>*...* 

8»mlfi^ .1 

Du ' 


mo 

6(t2 

55a 

7fiO 

mm 
am 
tm 

mo 

400 
S6D 

TSD 

7W 

4W 

im 

'MM) 

434 
4'27 


4m 
fiUU 
42H 

4U} 

40Q 
4  HI 
lurt 
42U 

41^ 

liOO 
hil 

TOll 


CM) 
4HU 

400-4  Wi 
500 


4^ 

duo 

440 


tlJAme-  Yk'id  p*^r 

Utr,  miouu'. 

InchgM.  iJaUout. 

6-4    „, 


I 


Ml ; 

4 

i!^2i 

K 
21. 

4-ai 
1  . 


Many. 

Many. 
60 
fi5 


S2 
110 


100 

mi 


Height  of 

water. 


JfW/. 


-  36 

-  10 

-  70 

-  n 

-  11 

^144 

-las 

H5 
-125 
-^110 

-  2 
Flows. 


R^-itmrki 


Abandoned.    Bi 
Al  MO  feel,  m 


Temp.,  7a,6P. 

TCTop.,  7^. 

WAter  Hi  30,  SC 
ftn^X  4»0  fwL 


Temp.,  T?';  pun 
Water  at  IN.^ll 


Ntt  wAter. 

bt^'AOM.-  Lt  W(l1M 


.)       Fiowh. 

.  I        Flows. 

I  I 

.1        Flown,  I 

Flows.  '  Cavi-d  in  and  a1 


......  I  No  water, 

0  I  Wdter  llrt«t  ntn 

^  }^  • 


.■  WftliT  375  Ui  4^ 
water  bekiw; 


AlmnAoned. 


:<xo  flit, 


Si^voriil  wcils- 


i\i»  Hnw,     i^upiiHes  giti. 


» Record,  Ark.  Geol.  Surv.  Rept..  vol.  1 ,  1891.  p.  100. 
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AIlK^VNHAH^-CbntinuecJ, 


I^H^tirifi, 


Dciith. 


BminJ  Coiinly^CcmtftiQed. 

Sirntoe*  U  mrit*^  west, 
Bl  Aallnc  LAticiln^). 

%rac<)|rii^..^ 

Tallette 

(lUntlJIULn  ,,„ ,****,. 

«cbi>n  Owimy: 
Nc'wpcirt  a  tiill«  «auili' 
.     Wissit). 

PSfit*  HI  lift  ( walcrworki<|  ( 
Pint?  Rltifl  (rmiliTind!  .„. 

till  UlDibef  Coi. 

Hrif^Bliiff.., ,.„. 

^JUM^IlpCfl., 

"5»»*ii  Coiiniy: 

€lnri£^nie.- 

*»Fei.te  County:  | 

f«^ri«t«ville  ' 


'^^Vr  Lewisvllle  (2  mileH  ' 
^W' eat, at  Kelly  sutloii). 

•"^^^inps 


"1^  Kiver  County: 

*~*U<ljion 

Do 

r>       Do 

»^o«?ky  Comfort  {1  mile 

-^  south). 

*^Hrky  Comfort  (3*  miles 

-  »outhweiit). 

*^ocky  Comfort  (10  miles 

_   south). 

White  Cliffs 

Do 

,      Do 

>Vhitc   Cliffs    (1    mile 

north). 
White     Cliffs    (1    mile 
south). 

NVhite  Cliffs 

l«l<in  County: 

Magazine 

MadiwHi  County: 

Mante 

Miller  County: 

Homan  (4  miles  north- 
i-a^t). 

Roman  (4milt"«ea.«*t) 

Homan  (2  miles  west) . . . 
Texarkana  ( waterworks) 
Texarkanaf  1  *  ni  lies  east) 
Texarkana(lAmik^ea.st, 
at  Dooley'Hferr>'). 
Nevada  (Vmuty: 

Emmet  (4  miles  NMith).. 
Emmet  (5  miles  nouthi . . 
Emmet  (5  miles  south- 
east). 
Emmet  (41  miles  south- 
east). 
Emmet  (6  miles  south- 
east). 
Lanebun^d  mile  north) . 
Lanebur?  (2  miles  north) 
Lanebun((l  milenortti). 
Laneburg  (2|  mik*H  west ) 

Do 

LaneburK  

Verde 

Inaehita  County: 

Bearden  (1  mile  east,  at 

Best). 
MUlville 


/fed. 


4iiii 
460 

l.UOD 


ms 
.us  I 


Itr.      ,  mitititi*. 


Zi-'2  I... 

'Ik  1 

................. 

!V  i  IQ 

H  '    M«tty. 


4<>4 

ri02 


830 

900 

HOO 

700-«00 


l.SOO 


4()U-;"i7() 

IJK)! 

470 


R 
ItNil 


70(1 
&0 


20 


Height  of 

water. 


Remarkfln. 


-SO 

+12     Rraekifllh, 

^30 


175, 


Many. 


-20 


-31  I  2  welU. 
'47 


-  15 

-36     Water  at  112  to  120  and 
140  to  160  feet. 
54     Water  ut  464  feet:  sulphur 
water. 
-30     Water  at  204  a^  at  468  to 
480     feet;  lower    water 
stn>ng  with  H«S. 
Flows.      Water  2;«  to  345  feet:  sul- 
phur water  at  415  feet; 
pumped. 

-40  ;  Water  hard. 

No  flow. 


Temp.,  65°. 
Temp..  64<*. 


4s<; 

Slight 

4^2 

flow. 
Flows. 

40H 

.) 

H 

i,:trio 

701) 

rj-6 

12-ti    ... 

11*0 

--2M 

:{0 

416 

3 

10 

Flows. 

+10 


*  13 
+  17 
-17 

-  4 

+  11 

-32 

0 

+  5 


2  wells. 


Hrtuki-sh  water. 

Do. 
oil  wells;  unsueeessful. 
.Vhandoned. 


Mjiuv  n(»winK  wells  in  this 
reKioM. 


2-3 
6 


Several  wells. 
Do. 


-44t<fc  •  1 

—40     Water  salty  and  alkaline. 
-45 


Almiidoned:     tw>     muchj 
quicksand. 
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DEEP   BORINGS   IN    THE   UNITED   STATES. 
ARKANSAS— Continual. 


Location. 


Phillips  Ck)unty: 

Helena 

Do 

Pike  County: 

Pike  City  (6  miles  south ) , 
Bowen 


Polk  County: 
Mena 


Do 

Pope  County: 

Russell ville    (railroad 
well). 
Randolph  County: 

Pocahontas 

St.  Francis  County: 

Forrest  City 

Do 

SeliAstian  County: 

Huntington 

Sevier  County: 

Ben    Lomond    (1   mile 

south). 
Ben    Lomond    (4   mile 
south). 

WhitTOliffs 

Do 

Do 

Washington  County: 

Fayetteville* 


Depth. 

Feet. 
WO 
543 

1,400 


Diam-     Yield  per'  Height  of 
eter.       minute.  I     water. 


Inche*.      Gailons. 
12-6  10 

8  I  066 

I 

Small. 


400  I I     Many. 

1,615   [ -20 

Many.  I     No  flow. 


+700 
1,006 

660  I 


Frrl. 


-30 


Flow. 
No  flow. 


Remarks 


10 
12-10 


I 


466 
460 

4 
6 

6i 

Many. 



-ieo' 

501 
400 

20 

-  25 

-  6 

SiO 

3 

-125 

460 



+  25 

450 

+     H 

540 

1 

-  60 

IA»0 

Oil  well;  unsucc 

Several  wells  of 

in  the  county. 

Abundant  supi 
posed  as  suppl 
waterworks. 


Abandoned:  ali 
at  90  feet. 

In  progress. 


Water  .•itnick  at 


Temp..  65°. 
Temp.,  64° 


1  Reconl,  Ark.  Geol.  Surv.  Rept.,  vol.  2,  1891,  pp.  67-69. 

LIST  OF   PUBLICATIONS   RELATING   TO   DEEP  BORINGS 

ARKANSAS. 

Arkanras  (leol.  Surv.  Report,  vol.  1,  1891. 

Geology  and  water  resources  of  northern  Louisiana  and  nouthem  Arkar 
A.  C.  Veatch:  Prof.  Paper  U.  S.  Geol.  Survey  No.  4(3.     (In  preparation.) 

CALIFORNIA. 


I/H-ation. 


AlanieclaC^^nntjr: 

Alameda 

poj 

Crntervilli' ... 

Fit«'hInirK-... 

Irvinitrton 

Oakland 

Ontaria 

Biitto  C-jmntv: 

Cliico 

orovilU" 

Frcsiui  County: 

C'oalinga^ 


Kn'sno 

.1.  (J.  James's  ranch 

KinK><'>"rK 

(ilenn  County: 

Norman  (2  miles  nortli)' 

nnle 


IH»ptl). 


Fcft. 

ISi)  , 

442 
lOO-.'HX)  ' 
4r)0 

457 


Diam-     Vi<'l(li»eri  Height  ()f  1 
eter.        minute.  I      water.      | 


Inrhcu. 


Remarks 


(inllovs. 


i 

11-2  I 


I  I 

r»M;  , I  Several, 

S(K)  I  8  I  4 


Frrt. 
Surface. 
8 

Flows. 
No  (low. 

Fl.»ws.  I 

Flows. 
No  flow,  I 

No  fl(»w.   I 

1()WS.? 


Several  wells. 


4l)0-f>.'j0  I 1 1 Numerous  oil  we 

I  j  I      groups:  otu'.Sni 

II!  I      tlieother  l>  mil 

Several  wells.    T 


r>7o 

60Q-WM) 

600 

■<M0 

1,100 


N(»rman    (about 
southea.st). 
InvoCountv:  i 

■  Hish..i» !  420 

»  Ke<(»nl.  Cal.  Stflte  Mining  Bureau,  11th  BepL, 
ism-w,  ]>\K  i:»-i36. 
2 Ibid.,  p.  134. 


7-8 

Flows.  I  -f  :{ 
No  flow. 

2 

4  -hlf) 
,     Surface. 



Small  amount  < 

:iS7  fe<'t. 
Smnll   amount    < 
.•KM)  feet. 

In  progress. 

3  Analysis,  ibid..  12th  Kept..  lH«m-'.M.  pi 
♦Keeoni,  ibid.,  11th  Rept..  1891-92,  p.  : 


i*A»OM.]  DEEP   BORINGS   IN   THE   UNITED   STATES. 

CALIFORNIA-Continued. 


15 


Location. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

Kerr^Connty: 

fiakersfield 

Feet. 
480 
600 
1,100 
600 
400 
410 
713 
822 

828 

636 

4.57 

496 

524-600 

600-1,360 

600-800 
1.300 

740 
960 

400 
465 
412 
986 
2.038 
600 
460 
460-1.300 

-hl.OOO 

-»-    900 

1,485 

1,186 

600 

600 

560 

Inches. 
8 
8 

Gallons. 
30 
800 
480 
80 
1,600 

Feet. 

FI0W8. 

Flows. 

Flows. 

Flows. 

Flows. 

Do 

Do 

Do 

8 
8 

Do 

Vaenavista 

Oil  at  8 12  feet. 

Delano 

16 

8,470 

Flows. 
—  8 

Delano  (6  mile?,  south- 
west). 
Delano  (18  miles  west) .. 

Miramontc 

11-7 

8 

8 

8-7 

1,077 
1,670 

Water  strata  between  484 

Flows. 

feet  and  bottom  of  well: 
sulphur  and  other  min- 
erals. 

Do 

Scmitropie    

Many. 

Flows. 

Smyrna  Colon  v 

2  wells. 

Sunset  District* 

Numerous  oil  and  brine 

i.x-ags  County: 

Hanford* 

^7 

10(M00 

Flow. 

wells. 
Numerous  wells. 

Do 

n.9«aen  County: 

Bieber 

4 

Susan  ville 

—10 

«"-*»*  Angeles  County: 

Alhamora     

7 

Oil  well. 

Clearwater  (?) 

Manyj 

Downey               .  . 

2 

Garvaiiza  ( west  of) 

Olendora      

For  oil;  unsuccesBful. 

9-7 

No  flow. 
Flows. 
Flows. 

Long  Beach 

1,100 
Many. 

Do 

Los  Angeles' 

Numerous  oil  wells;  some 

Los  Anffeles  (The  Ivan- 
Los     Angeles    (United 

States  Hotel).' 
Los    Angeles    (Stewart 

and  McFarland).^ 
Los  Angeles  (AnKelina 

Heights).' 
Los    Angeles    (Boyle 

Heights). 
Los  Angeles  (Dr.  Long's 

ranch). 
Lw   Angeles   (Lookout 

Mountain). 
Los  Angeles  (few  miles 

wmtheast). 
Los    Angeles    (4   miles 

northwest).* 
Los  Angeles  (.5|    miles 

west).' 
liOS    Angeles    (6   miles 

west).' 
liOs  AngeleM  (10   miles 

north  of  west).< 

Norwallc    

abandoned. 
Small  supply  of  oil;  aban- 

doned. 
Gas  at  900  feet. 

For  oil;  unsuccessful. 

For  oil  dr  gas;  abandoned. 

For  oil:  unsuccessful. 

7 

Small  supply  of  oil;  aban- 

doned. 
Do. 

Gas  well. 

820 

^     500 

658-1,485 

520 

4H) 

1 .  11K) 

600-73.') 

-f  5(H) 

1,200 
6M0 

6:« 

400 

400 
412-550 

Small  supply  of  oil. 

Small  flow  of  gas'  aban- 

doned. 
Two  wells,  for  oil;  unsuc- 

cessful. 
Two  wells.  Milplinr  water 

4 

htkI    some    gas;    nlMin- 
doned. 

Pasadena 

No  wat<'r. 

Pico 

Numerous  oil  wells. 

Puente*  

Do. 

.^an  Gabriel 

7 
7' 

Msdera  County: 

MaderaT 

Do 

Madera  (6  miles  west) . . . 
Mendocino  County: 

Potter  Valley 

Merced  County: 

Atwater 

J 

-  3 

J-      ^ 
Flows. 

-  11 

7 

6 

Dos  Palos 

Several  wells. 

iCal.  SUte  Mining  Bureau,  l'2th  Kfpt.,  WXi-94, 

Bp.  3.53-364:   reconl,  Cal.  Stale   Mining   Hureau 
ull.  No.  3,  Gas  and  Petroleum  Yielding  F()rma- 
tions.  Central  Vallev.  p.  30. 
•Ibid.,  11th  Kept..  lSHl-92.  p.  4*^9. 
'Ibid.,  Bull.  No.  11.  Oil  and  Gas  Yielding  For- 
mations of  I»s  Angeles.  Ventura,  and  Santa  Bar- 
bara counties,  part  1,  pp.  14-17. 


« Ibid.,  7th  Kept.,  1H87.  p.  7S. 

^n^id..  p.  77. 
,Mbid..  Bull.  No.  11,  Oil  and  (Jas  Yielding  For- 
mations «>f  Ixw  Angeles.  Ventura,  and  Santa  P" 
bare  counties,  part  1.  pp.  18-21. 

7  Ibid.,  llth  Kept..  1891-92,  p.  211. 
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[NO.  149. 


Location. 

Depth. 

Diame- 
ter. 

Yield  iH'r 
minute. 

Height  of 
water. 

Fret. 
Flows. 

Remarks. 

Merced  County— Continued. 
Las  Banos ' 

Feet. 

434 

600-700 

1,013 

410-426 

433 
608 

CO 

Ti          1,  4*5 

•     1.100 
617 

2,000 

460 

730 
734 

400 

500-800 

1,000-1.200 

900 

400-800 

1,008 

700 

580 
400 

2,160 
876 
965 
970 

2.260 

600 

Inches. 

(iallonti. 

Merced 

9 
10 

167-176 

Merced  (13  miles  south- 

+   U 

Strongest  flow  at  6H.'»  ami 

680  feet. 
Two  wells. 

west). 
San  Lewis  Ranch 

128-1(H) 

Modoc  County: 

CedarvlUe 

No  flow. 

Eagleville 

4i 

H 
11-9 

Monterey  County: 

Salinas 

-  6 

-  10 
Flows. 

Do 

Seaside  (near) 

30" 

Main    flow    at    610  feet- 

Napa  County: 

St.  Helena 

Water-bearing   betl'i  at 
270  and  540  feet. 

Orange  County: 

Fairview 

' 

Placer  ('ounty: 

Auburn 



Sheridan  ^ 

-  19 

Flows. 
Flow. 
Flow. 

Plumas  County: 

Beck  with 

:i 

3 

2-:{ 

3 
3^1 

80 

100 

Many. 

Many. 

5-126 

Do 

Do 

Numerous  wells. 

Beck  with      (8     miles 

Very     warm     m  i  ti  e  r  a  1 

above). 
Summit 

Flow. 
Flow. 
Flows. 

Flows. 

water. 
Numerous  wells 

Do 

Vinton 

160 
Many. 

Riverside  County: 

Riverside 

10 

Winchester 

Sacramento  County: 

Arcade 

i 

Sacramento  '•* 

(ias  well. 

Do.^ 

. 

Do. 

Do.  ^ 

Flows. 
Flows. 

Water  salty  and  alkaline 
Sonic  gas. 

Sacramento     (9    miles 

northeast  ).< 
San  Bernardino  County: 
C/hino  (alKjut   2i   miles 

1 

Abandone*!. 

northwest). 
Coltoii^' 

los  Mowing  wells. 

Danhv 

630 
WW 

2. 2<I0 

42r> 

416 

»:     UK) 

400 

10 
10 

r»o 

Mnnv. 

Few. 

.Many. 

2(K1 
■JIX» 

Fcnncr 

Ludlow 

N<)t  in  use. 

North  Cucanionmi 

North  C)iitHri(» 

Failure. 

San  HtTiianlitJo 

(i        Manv. 

3                H) 
3                  7 

Flows. 
Flows. 
Flows. 

Do 

Do 

Sail  Dicjro  Counly: 

Flowinj,^  Well 

Point  I/Oina 

6-r> 

-2:>3 

San  .lacinto 

Several  wells. 

I 


.s<;') 

S-') 

i.2:m) 

7-1 

1.  120 

s 

i,J3:» 

«-."> 

r2o 

8 

497 

/ 

1 .  (KL' 


San  Fran<-isco  County 

San  Frainiseo  . . ." 

San  .loa<|Uin  Count v: 

Cutler  Salmon  kan<li  . . 

Lathn»p  Innction 

KolHTts  Island 

St«Mkton 

StcM-kton  (S.  F.  and  S.  J. 
V.R.  K.). 

St<K'kt<»n'' 

Do 

Stockton  (Jackson  well)' 

Stockton " 

Stockton  Asylum  (.la<'k- 

son  well  i.'^ 
Stockton  tSt.  .Vgnes Col- 
lege)."* 
StjK'kton  (eonrl-lion.se)  '•' 
Sto<'kton   (Citizens*  (Jas 
Co.). 

'  Rcjonl,  Cal.  State  Mining  Bureau,  10th  Rept.. 
1890   I)   *i**(» 
2  l'l)i<i.'."i  Ith  Kept..  1K91-92,  p.  319.  -•'• 

3ral.  State  Mining  Bureau,  12th  Ript..  1893-91, 
p.  350. 
*  Record,  ibid.,  10th  Rept..  1890,  p.  505. 
ophvsical  Data  and  Statisticsof  California  (State 
Eng.  Dept.),  1886,  p.  530. 


Many, 


(Jas  well. 

Flows.  ho. 

Flows  <;aswell.  saline  water. 

if  Warm  water. 
I'.i 


t      7      Teiiii*..  77^'. 

1.  I0(.)-2.0(»0    (Jaswvils. 

1,7W  121U      Manv i«Ja.swell. 

1,  4(K)    I  Do. 

riO()-1.7r)0    Many j  Two  gas  wells. 


1.720    Many 

12-8 


Do. 


1.917 
2.061 


Manv Gas  well. 

.      Many |  Do. 

"Keeord.  Cal.  State  Mining  Bureau.  Stli  Rept.. 
1888,  on.  .V)9-.V.(). 

<  lb!(i..  Bull.  N<».  W,  (Jas  and  rdroleiiin  F"orma 
tions.  Central  Vallev,  p.  17, 

«lbid..  p.  18. 

»Ibid.,  pp.  16-16. 
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Location. 


n«.n»h  Diame-    Yield  per    Height  of 

x/epiu.  ^  ininiitt*.         wRtpr. 


San  Joaauin  County— Cont'd. 

Stockton I 

Stockton  (9miIesfiouth-  I 
e&»t).  ' 

San  huii*  Obispo  County: 
.San  Luis  Obispo | 


Santa  Barbara  County: 

Carpinteria    (2   miles 
from),' 

Moody  Gulch » 

Mount  Diablo 

Santa  Barbara  (7  milcM 

east).* 
Wasioja  (10  miles  north- 
west K 
Santa  Clara  County: 

Alvi.»<) 

Do 

Do 

Mayfield 

Milpita.M 

San  Jose 

D<. 

Santa  Clara 

Wat.-ionville 

Santa  Cruz(V)unly: 

Chittenden 

Sk-rra  County: 

Lovalton 

Do 

Do 

Do 

Do 

Rocky  Point 

Do 

Sattley 

Savilla  Colony  « 


mile 


980-1.080 
1.404 


1.400 

900 

100-1,000 


49<) 
710 

rwio 

604 

r)0(>^700 

412-700 

400 

HOO 

:>io 

800 

r>2.V7;'>0 

1,00(» 

400 

620 

430-512 

1,132 

1.040 

6'25 

600 

640-888 

556-900 

746 

1.300 
700 

544 
4a5 
442 
815 


Inches. 

Gallons. 
Many. 
Many. 

Many. 

Feet. 
Flow. 

7-5 

Flows. 

i 

7 

1 
+  0.5 

Manv. 

900 

Manv. 


Remarks. 


Several  wells;  temp.,  75°. 
Somegas. 


For  oil;  unsuccessful. 
Sulphur  water;  temp., 
\0^;  gas  at  600  feet 

Oil  and  gas  well. 

For  oil  or  gas. 

Several   oil    wells;    some 

abandoned. 
Large  flow  of  water  at  670 

feet. 


+  1.2 
Flows.  1 
Flows.  ? 
i    2        i  2  wells. 
Flow.  I  Several  wells. 
Flows. 

^10  Temp.,  60°. 

—  2         I 

For  oil. 


10 


12 

« 
8 


Sierra  Valley 

Do 

Do 

Siskiyou  County: 

Montague* 

Yreka 

8<»iu»ma  Countv: 

El  Vemno  » 

Embarcadero*  . 

Ethel 

Santa    Rosa     (4 
fiouth)* 
J^tanislaus  County: 

M<Klesto  (1  mile  east)  ... 

.Newman 

Do 

Newman  Ranch 

Tulare  Countv: 

Alila<  ..." 

Waukena 

Grangeville 

Limekiln  Canyon  (?)  — 

Pixlev 

Do 

Do 

Do 

Do 

Pixley  (U  miles  north- 
wes't)." 

Pixley  (2  miles  east) 

Pixley  (vicinity) 

Do 

Pixley  (Smiles  west) 

Pixley 

Pixley  (3  miles   south- 
west). 

» Record,  Cal.  State  Mining  Bureau,  sth  Rept.. 
188X.  p.  .548:  nth  Rept..  1891-1>2.  p.  4M9. 

»Cal.  State  Mining  Bureau,  12tli  Rept.,  189^-9^1. 
p.  357. 

•*Ibid..  Bull.  No.  3.  Gas  and  Petroleum  Yielding 
Formations,  Central  Valley,  p.  20. 

IBR  149—05 2 


4 

fiO 
20 
100  1 

Flow. 
Flows. 

3 
4 

Flows. 
Flows. 

3 
3 
4 
2 

20  i 
10 

Many. 

15--I5 
1-25-300  1 
16  : 

Flow. 
Flows. 
Flows. 
Flows. 
Flows. 

3 
4 
2 

10-8 

Flow. 
Flow. 
Flows. 

44 

i:i5 

+32 
No  flow. 

+15 

Many.    To  surface. 
Few 


1,070    . 
427 
415 
411 

1,,32M 

980  ; 

:>(»o   . 
i:i.s 

480 
(.00 

7i:i  ' 

7M)  1 
95.^ 

(■)U() 
l.lTiO 

%r, 

858 

81  :>  , 


Many, 
"i.'irio" 


1,050 


No  flow. 
Flows. 


+     .2.-> 

Flows. 

.10 


Several  wells. 
Temp.  130°. 

Several  wells. 


Gas   and   sulphur  water; 

gas  not  used. 
Several  wells. 
Do. 


Gas  well. 


Flows  at  intervals. 

I  Small  flow  of  gas. 

Brackish  water. 
Small  flow  of  gas. 

Oil  well. 


Many. 
Many. 


1,200 


.1 


Flows. 
i-  .2 
+  .7 
Flows. 
f     .2 


Mbid.,  12th  Rept.,  1893-94,  p.:351. 

6  Record,  ibid..  11th  Rept.,  1891-92.  p.  457. 
« Ibid.,  p.  456. 

7  Cal.  State  Mining  Bureau,  11th  Rept.,  1891-92, 
p.  488. 

«Ibid.,  p.  487. 
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DEEP   BOBINGS   IN    THE   UNITED   STATES. 
CALIFORNIA— Continued. 


[NO-  I*^- 


Location. 


Tulare  County— Continued. 
Pi X  ley  (6  miles  muth- 
west).' 

Pixley  (6  milcH  west) 

Pixley  (10  miles  south- 
west).'-! 

Pomona 

Tipton 

Do 

Do 

Traver 

Tulare 

Do 

Tulare  (about  20  miles 

west). 
Tulare    (E.   Jacob's 
ranch). 

Do.3 

Do.* 

Do r 

Tulare  (city  wells) 

Tulare 

Tulare  (alxMU  20  miles 
southwest:  Lambert- 
son  ranch).* 

Tulare  (7  miles  west)*  . 

Visalia 

Waukena 

Ventura  County: 

Adams  Canyon  • 

Aliso  Canyon 

Brownstoiic 

Buckhorn  station  (4 
miles  north). 

Four  Forks^ 

Kcntuck  

Little  Sespe  district 

MotnitCayetana  (south- 
west jilope,  near  Santa 
Pan  hi  Creek  ).«• 

NordholTd  mile  south) 

Peril  (1|  miles  Nouth) 

Sisi  Canyon 

Salt  Marsh  Canyon  * 

Hantu  Paula  region 

Silvcrthread  oil  district 
(near  Santa  I'aula 
<'reek)i" , 

Tnr Crook'  

Tar  Crook  ('an yon 

Torrcv  Canyoii , 

Whoolor  Can  voii » 

Wild  Hill(.;uich« 

Yolo  County: 

CJrafton*. 


Depth. 


Fret. 
1,150 

I 

950  1 
895  I 

450-559  ' 
400 

480 
509-1,012 
960 
400 
460 
500 

539 

498 
8K7 
835 
552 
720 


730 

775 

450-816 

40 '-2. 780 

600-700 

400-800 

400 

700-1,100 

700-730 

805 

430-1.170 


500-800  I 
4(KV-570  ' 
400-«00  I 

400-1,600  I 
5:^0-800  ' 

40CV-1,600  I 


700-1,000  I 
400-90^  , 

450-1,000  I 
400-'.K)0  I 
850-975  , 


Diame- 
ter. 


Inches. 


6  and  9 
7 


150 


Yield  per|  Height  of 
minute,  i     water. 


Gallons. 


8-6 

8-9  I     Many. 
7      .    Few. 

6  I 

7  I  500 

J 


8 

7 

8-9 


Many. 
300 

Many. 


190 
Many.  , 


Many. 


Feet. 

+  1 


Remarks. 


+    .(Ml  Several    wells  about 

same  depth. 
-H     .04  I 
Flow.  I  Several  wells. 


%' 


I 

.15 


f     .1 
+     .  35 
+     .3 
-15 
Flows. 


Several  wells  about  t  -^^ 

depth. 
Some  gas. 

Do. 
Gas  well. 

Several  wells. 

Several   wells  about  tht- 

depth. 
Gas  at  600  and  700  feel. 


Flows 

Flows.  '  Several  wells. 


.    Many  oil  wells,  yielding 
I      900  barrels  per  month. 
.    Several  oil  wells. 
.j  Several  wells. 
.1  Oil  well. 


I  Several  oil  wells. 

I  Do. 

I  Oil  well. 

j  Several  oil  wells. 


Flow. 


Do. 

Do. 
Numerous  oil  wells. 
.Sovoral  oil  wells. 

Do. 
Numerous  oil  wells. 


Do. 

Do. 
Oil  wells. 
Sovoral  wells. 
Oil  wells. 


I  Cal.  State  Mining  Bureau,  11th  Kept..  1891-92, 
pp.  4K7-1.H8. 
2 Ibid.,  p.  188. 
3 11. id.,  p.  4H9. 
Mbid.,  pi>.  4H,S-189. 
&Ihid..  p.  487. 
6  Ibid..  Bull.  No.  11,  Oil  and  Gas  Yielding  Forma- 


tions of  Los  .Vngolos.  Ventura,  and  Santa  Barbara 
coinUios,  i»art  J.  pp.  3-'>-o6. 

Mbi«l..  p.  '21. 

»\hU\.,  \i\K  :iT-:w. 

»lbid..  j.p.  3t\-M. 
i"Ibid.,pp.  33.  3:..  37. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  CALIFORNIA. 

California  State  Mining  liureau,  f^evcntli  Annual  Report  of  tlie  State  Mineralogist 
for  the  year  eii<ling  October  1,  1887,  315  page.s,  Sacramenti),  1S8S. 

California  State  Mining  liiirean,  Eighth  Annual  Report  of  the  State  .Mineraloeist 
for  the  year  ending  October  1,  1888,  U48  pagt^s,  plates,  Sacramento,  1S88. 

California  State  Mining  Hureaii,  Tenth  Amnial  Report  of  tlie  Stat^j  Mineralogist 
for  the  year  einling  Decenil)er  1,  18iK),  98.*}  pages,  plates,  Sacramento,  181M). 

Physical  Data  and  Statistics  of  California  (State  Eng.  Dept.),  1886. 
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CALIFORNIA— ContiniKHl. 


LucaCion. 


Joanu 
Stockton 
Stockton  (9  miles  south- 
east). 
San  Luis  Obi5«iK>  Ctmnty: 
San  Luis  Obispo 


.^anta  Barbara  County: 
Carpinteria    (2    miles 
from).» 

Moody  Gulch ' 

Mount  Diablo 

Santa  Barbara  (7  miles 

Wasioja  (10  miles  north- 
west). 
.Santa  Clara  County: 

Alviso 

Do 

Do 

Maytield 

Milpitas 

San  Jose 

Do 

Santa  Clara 

Watsf»nville 

Santa  Cruz  C^mnty: 

Chittenden 

Sierra  County: 

Loyalton 

Do 

Do 

Do 

Do 

Rocky  Point 

Do 

Sattley 

Sa villa  <V)lony  « 


Sierra  Valley . 

Do 

Do 

Siskivou  County: 
Montague^... 
Yreka  . 


miles 


Depth.    !  •"«?;«=- 

Yield  per 
minute. 

Height  of 
water. 

Feet. 
Flow. 

Feci.        1    Incfies. 
980-1,080  ' 

Gallons. 
Many. 
Many. 

Many. 

1,401  i            7-5 

928    

Flows. 

700    



1,  100 

900    

■100-1  000 

715 

•I9<i 
740 
5.T0 
fK)4 
5<)0^7(K) 
4I2-7(K) 
400 
(UK) 
.MO 

«(H) 

r»2r>- 7.')0 

1.000 

400 

620 

430-612 

1 .  132 

1,0-10 

62r> 

(K)0 

640-888 

r)56-900 

716 

1,300 
700 

544 
40.") 
442 

HI 5  : 


100 


Manv. 

y()o  I 
Many. 


+  0.5 
+  1.2 
Flows. 
Flows.  ? 
-+-  2 
Flow, 
Flows. 
+  10 


50 
20 
100 


3 
4 

2  I 

10-8 


:«} 

20 
10 

1 
Many. 

15-45 
125-300  . 
10 


Flow. 
Flows. 
Flows. 
Flows. 

Flow. 
Flows. 
Flows. 
Flows. 
Flows. 

Flow. 
Flow. 
Flows. 


1,070 
427 
445 
411 

1,328 

8«".8  I 
'.>«()  I 
fHK) 

480 
(•00 
713 
730 
'J55 

f.00 

1.150  ! 

9:^7  , 

8.58  I 

i.o<'.o 

815 


9 
10 


i^onoma  County: 

El  Verano* 

Embarcadero*  ., 

Ethel 

Santa    Rosa     (4 
south)® 
Stanislaus  County: 

Modesto  (I  mile  ea.st)  ... 
Newman 

Do 

Newman  Ran(;h 

Tulare  CouTJtv: 

Alila' ..." 

Waukena 

Grangeville 

Limekiln  Canyon  (?) ... 
Pixley 

Do 

Do 

Do 

Do 

Pixley  (U  miles  north- 

west).'' 
Pixley  (2  miles  east)  ... 
Pixley  (vicinity) 

Do 

Pixley  (3  miles  west)... 

Pixley 

Mxle>'  (3  miles   south- 
west). 

'Record,  Cal.  State  Mining  Riireuu,  sth  Rept., 
ISHK,  p.  548:  11th  Kept..  1891-92.  p.  4H9. 

»Cal.  State  Mining  Bure»iu.  12tli  Rept.,  1893-94, 
p.  357. 

*Ibid..  Bull.  No.  3.  Gas  and  Petroleum  Yielding 
Formatiomt,  Central  Valley,  p.  20. 

IRR  149—05 2 


i:i5 


4-32 


No  flow. 

+15 

Many.    To  surface. 
Few 


Many. 
""\','m\ 


No  flow. 
FU>ws. 


+     .  25 

Flows. 

.10 


Remarks. 


Several  wells;  temp.,  75°. 
Some  gas. 


For  oil;  unsuccessful. 
Sulphur  water;  temp., 
I03<^;  gas  at  600  feet. 

Oil  and  gas  well. 

For  oil  or  gas. 

Several    oil    wells;    some 

abandoned. 
Large  flow  of  water  at  670 

feet. 


2  wells. 
Several  wells. 


Temp.,  60°. 


For  oil. 

Several  wells. 
Temp.  130°. 


Several  wells. 


Gas  and   sulphur  water; 

gas  not  used. 
Several  wells. 
Do. 


Many. 
Many. 


1.200 


Gas  well. 


Flows  at  intervals. 

Small  flow  of  gas. 

Brackish  water. 
Small  flow  «)f  ga.s. 

Oil  well. 


.1 
Flows. 

+  .2 
+  .7 
Flows. 
V     .2 


Mbid..  12th  Rept..  1893-94.  p. 351. 
&  Record,  ibid..  11th  Rept.,  1891-92,  p.  457. 
6  Ibid.,  p.  450. 

^  Cal.  State  Mining  Bureau,  11th  Rept.,  1891-92, 
p.  488. 
Mbid.,  p.  487. 
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DEEP   BOBINGS   IN    THE    UNITED   STATES. 
COIA  >  K  A  l><>--Conl  inuefi. 


Location. 

Depth. 

FM. 
682 
816 

780 

+    600 

816 

.  720 

418 

400 
+  1,000 
600 
906 
400 

431 
506 
600 
640 

1,770 
1,700 
1,460 

668 

606 
604 
856 
465 
474 
1,000 
IKX) 

610 
4*20 

627 

575 
580 

7»5 

Dlamts 
ler. 

Yield  per 
mlndte. 

Heterhtof 

water. 

fien 

Bent  County: 

Caddoa 

fi^iUew. 

Feet. 

Water  at  m 

Fort  Lvon .           

A  handun 

Fort  Lyon,  northeast  of . 

^ 

1  -ssm 

amount  c 
feeL 

\ 

Los   Animas    (7    miles 

northeast). 
T.  21,  R.  62.  sec.  36 

Do 

Flows. 
^300 

r  -160   iir 
1   -26fl 

+  ao 

Small  am  at 

430  feet. 
Goodwnti^r 

stone  rruu 
but  well 
a  failure. 

BouMer  Gounty: 

Boulder 

^' 

5 

Do 

Water  too  fi 

Boulder  (4  miles  east)... 
Hygiene  * 

l-nMiiuceitfifi 

Flowed  at  € 

Ijingford  (4  miles  north- 
east). 
Lonfmont 

2 

3 

+  2 

Flows. 

No  flow. 
+  80 

™ ..:...::::.:.  . 

Do 

6 

JU 
Few- 

Do 

Cheyenne  County: 

Cheyenne  Wells* 

For  water: 

For  gas;  fai 

KitCarwm 

»,..,, 

No  fresh  wi 

Clear  CreelE  County: 

Georgetown 

3 
3 

3* 

*> 

7t-« 

H 

41 
4 

IJO 
3 

t.ooo 

Many, 
Many. 
MnTiy, 
Many. 

-None. 
Fpw, 

4  100 

l-'lows. 
FI0W.S. 
Mows. 
Flows. 
Flows. 
Flows. 
Flows. 

■*-     3 
Flow. 

Flows. 

at  450  feel 

Conejos  County: 

Do 

Do.» 

Temp.,  65°. 

Do 

Do 

Do 

Temp.,  75°. 
2  wells;  tec 

Do 

Costilla  County: 

Mosca 

Do 

Custer  County: 
Colfax 

Weatoliffc 

Abandoned 

Delta  Count v: 

Delta 

Do 

Denver  County: 

Denver  (east  of) 

Denver  (St.  Luke's  Hos- 
pital). 
Denver 

3 

Flows. 
Flows. 

I'nsatisfact 

I^rpe  flow 

400-1.100 
1,350-1.500 

442 

5% 
1.700 
660 
502 
650 
710 
1,440 

Several  hui 

Do  .. 

Water  fron 

DouKlai  County: 

Aceoula 

15 
4 

Flows. 
Flows. 

mie  and 
eonsidera 
ize<l. 

Do 

Castle  Kock  . 

Failure. 

Larkspur 

. 

Do 

\ 

I)rv:  iibarHJ 

Sedalia 

Do 

No  flow. 

Do 

Water  fron 

Sedalia  (5  miles  south  )< 

only. 

El  Paso  Count v: 

Calhan^ 

2.U20 

1              1.300 

1 

6 

Saline  wat( 

Colorado  City 

(ias  pressiir 

Do 





square  in 
with  surf 
Gas  at  216  f. 
water.     ( 
low  35  fe( 

"Record.  61st  Congress.  l.«!t  8t?ssion,  .Senate  Ex. 
Doc.  No.  222,  p.  208. 

•Record,  U.  S.  Geol.  Surv..  16th  Ann.  Rep.,  1894- 
95,  part  2,  p.  563. 


'  Reeord,  51st  ('ongress,  1st  sessic 
Doi".  No.  222.  1890.  p.  223. 
*Ibid..  p.  207. 
» Ibid.,  p.  216. 
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DEEP  BORINGS  IN   THE   UNITED  STATES. 


OOIX>RADO— Ck)nUnne(l. 


Location. 


i 


JViaao  County— Continued. 

Colonulo  SpringR 

Frmnceville  J  unction 

i^mont  County: 

Canon  City 

Canon  Citv  (near) 

Canon    City     (5    miles 

south). 
Chandler  (one-half  mile 

fonthwest). 

Chandler  (three-fourtliK 

mile  southwest). 
Florence  * 


Do..: 

Do 

Do 

Westclifle 

'^^erfano  County: 
Roune  Junction. 


Walsenburg 

^  tfferaon  County : 

Ar>'ada 

^owa  County: 

Sheridan  Lake  . . 
^t  Carson  County: 

Burlington 

ke  County 

LeadviUe 

Plata  County: 

Dnrango  

imer  County: 

Loveland' , 

Stout* 

I  Animas  County: 

Barela 

Do 

Hoehne 

Thatcher 

Salt  Creek , 


Troy , 

Trinidad 
Do... 


Xwogan  County: 
Fleming 


^esa  County: 

Grand  Junction  . 


Montezuma  Ck>unty: 

Cortex  (9   miles  south- 
west). * 
Vontrose  (^unty: 

Montrose 

Otero  County: 

Fowler 


Uolbrook 

Iron  Springs. 


Lajunta« 


Remarks. 


1 

1.840  .... 

-hi  040 

30 

-  300 

936    

920  i 

5| 

-620 

2,0S0  1... 

400  or  500    

2,59f) 
2,713    ... 

5i 

Many. 

-195 

6j-6|        Few. 


795 

825. 
I 
1,372 

661 
1.162 


405 
412  : 
42t)  I 
439  ! 
640 
670 
700 
740 
740 
766 
1,152  • 


Several. 

'  30 


4: 

H-6 
6 

5j| 


45 


-hlOO  •  Temp.,  90°. 
-  15     Water  at  350  feet. 

For  oil,  two  wells. 

Water  at  various  < 
soft  water,  with 
in>n  and  Kulphur 

Water  soft,  wit  hlitt 


Numerous  oil  welh 

cinlty. 
Water  at  1,000  feet. 
Temp..  86°. 
No  water. 


Salt  water  at  890  feel 
amounts  of  wate 
and  1.600  feet. 

For  gas,  entirely  in 
.salt  water  at  —40 


Water  at  1,200  feet 
doned. 


Flowed.     Water  at  1,365  feet. 
+  30     Poor  water.  922  to  l.C 


Well  abandoned. 

Unsncccjwful  in  fin 
sufficient  supply « 
water. 


Shale  water  from 
250  feet. 

Very    small     supf 
water. 


-160 


No  flow.     .Some  gas  at  444, 
,      8t»4  feet. 

No  flow. 


Flows.      Temp.,  7'29. 


4-  HO 


Flows. 
Flows. 
Flows. 


Flow  of  .soft  watc 

upner  .sandstone 

Dakota. 
Penetrated     the 

sjindslonellOfee 
Flows  at  210  and  3 

iiiisHiisfactory  w 

\,m\  feet. 


35 
15 

Flows. 
Flows. 

15 
12i 
25 

Flows, 
-f-  20 

Many. 

Flows. 

Teini)..  6S° 
2  wells;  temp., 
Temp.,  68°. 
Do. 

Do. 

Temp..  75°. 
Temp.,  68°. 


70°. 


'Record,  51st  Congress,  1st  session,  Senate  Ex. 
Doe.  No.  222,  pp.  214. 
*Ibid..  pp.2ia-2n. 


'Record,  Colorado  State  Kngineer.  Kigl 
nual  Report,  1895-%.  pp.  69-70. 
<Ibid.,  Ninth  Biennial  Rei>ort,  1S97-98,  pi 
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DEEP   BOBINGS   IN   THE   UNITED   STATES 


[NO.  US. 


LamUtm, 


Otem  Cotmty— ConllntiBd, 
[ji|untji  rJ|  mIkviHiiutht' 

MftrijumnlH 

lh>.,, ,,,. 


Depth. 


Dlaini^-   YLdd  per 

tf«T.         .    mlTlttt4^. 


Do ,., 

Onlw»y  [IH  talleit  dui'  i 

T.  21,  H.fiO,  Bee.  ae,. *...., 
RfH'kyftrtT!...__, 

na ,.-,,,.*. 

Do -... 

00 .., 

Dal __ 

Do „..„ 

Sought  City 


Timpafl. 


Wyckoff   Park   (near 
Rockyfortl). 
Prowers  County: 

Amity 

Granada 

Lamar  s 

Lamar  (northwest) 

Pueblo  County: 

Boone  (2  mi  Ich  north ) 


Pueblo  3  . 
Do... 
Do... 
Do... 
Do... 


Do. 
Do. 
Do. 


Pueblo   (7  miles  riMrtli- 

east). 
Pueblo  (10  miles  north- 

eiLst ) . 
.N'ortli  Put'blo  Helphts... 


l»iiobl(>  (soutlO  . 
Sail  CrtM'k 


Rio  Blanco  County: 
Whileriver  ...... 

Do 

Kio  (Jrufidt'  County: 

Del  Norte '... 

Saguiu'br  County: 

Cotton  Creek 

(Jrestone 

I)<. 

Loekett 

.Moflfat 

Do 

Do 

SHjfiuiebe 

Wa^hiuKton  ("ounty: 

Akron 

()tis< 

Weld  County: 

tjitou 


Kvans 

Port  I^unton. 

(Jreelev-' 

Do" 


1,7 


715 
1,113 

2.  no 


l.fiOH 
71fi 

im 
T«^ 

821) 

I, '308 


402 


•U>5 
42ti 
44r> 
41H 
401 

710 
400 

1,15/) 
2. 400 

970 

1,12;-) 
VHM 
UO 
♦»70 


Inrkn.      Galtont. 


795  ' 
855  I 


6(M  j. 
527  I 
420  !. 

2.175  I. 
I 

772 

782 

789 
1,150 
1,219 

1,2(X) 
1,400 
1,402 
1.900 

2. 6.V) 

1,820 

1.412 


Many^ 


51 

1IM| 

?: 


6i' 

4 : 


4*1 


1SU 

llij 
17 


85 
115 


3-5 

300 

13 

20 

20-2') 


Height  of 
water. 


Kemarkg. 


>Vf/. 


For  fifaa  or  oil;  unsncces*- 
fuf 


Flows.     Temp.,  80°. 


-250 
90 
(H) 


To  te»t  for  oil  or  gas;  »*"' 
8atiHfaetor>'  result;  al>»^' 
doned. 

Temp.,  63°. 


Flows. 

t    75 

Flows. 

Flows. 

Flows. 

Flows. 


Flows. 


I  Temp.,78<>. 
Temp.,  74°. 
'  Temp.,  78°. 
;  Temp.,  75°. 
I  Temp.,?2°. 

I  Temp., 75°.  j., 

.    Reaehed  Dakota  sail  ^^ 
stone  at  1.230  feet. 


-100 
No  flow. 
Flows. 
No  flow. 


Flows. 
Flows. 
Flows. 
Flows. 
M'25 

Flows. 

j-140 

fl40 

fxTiO 

UK) 


f, 

100 

Flows. 
No  Mow. 

Flows. 

A 
•A 
3 

7.') 
10 
7;') 

Flows. 
Flows. 
Flows. 

{-  11 

A 

Few. 

Flows. 
Flows. 

.) 

4          li 

li 

10-0 

None. 

No  tlow. 



Few. 

Flows. 
.  1 

2i 
4 

i 

No  How. 

'  Reeord.  Colorado  State  engineer.  Ninth  Bien-  ^  Reeonl.  r»lsi  Cour., 

nial  Report,  1  S97-9.S.  pp.  2K-29.  .No.  222, 1890,  pp.  2i:i-21 

2Ibid..  p.  '29;  analvsi.s,  51st  Cong.,  1st  session,  <Ibid.,  p.  217. 

Senate  Ex.  Doe.  No.  222,  1890.  p.  228.  ^Ibid.,  pp.  209-210. 


Good  water  at  300  feet. 
( -an  pump  80  gallons. 


For  oil  or  gas;  unsuc»cess- 
ful. 


Pressure,  60  pounds. 
Temp..  76°;    pressure,  50 
pounds. 

Temp.,  77° 

For  oil  or  gas;  un.suecess- 
ful. 
Do. 

Sniall  flows  at  1,200  and 
1.820  feet. 

I*re.ss»ire,  00  pounds;  min- 
eral water, 

Snmll  amount  of  water  at 
various  (iepths;  aban- 
doned. 

Salt  water  at  200  feet. 
Miuh  gas  at  500  feet. 


Teinji. 


Failure:  abandoned. 
.Vbandoned. 

Mu<'h  water  at  'J'AO  to  JtU) 

feet 
Water  from  1,125  feet. 


l.st  .session.  SeiuUe  Ex.Dih-. 
I;  analysis,  ibid.,  p.  229. 


DiitTONj 
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COLORADO— Continiie<i. 


Location. 


Depth. 


Dianie-  'Yield  per 
ter.      I  minute 


£1  huoCountj— Continued. 

Colorado  Springs | 

Francerille  J  unction 

Fremont  County: 

Ctnonaty 

Ganon  Cit^*  (near) 

Canon    City     (5    miles  I 
louth). 

Chandler  (one-half  mile 
southwest). 


Ferl.  Inches.   ■■  GaUon*. 

1,120  I 

Many 


Height  of  ' 
water,     i 


Feet. 


I 


Chandler  (three-fourtbH 

mile  southwest). 
Florence* 


Do 

Do 

Do 

Westcllfle 

Haerfano  County: 
Rouse  Junction. 


1,600 

1.278 

1,000 

460 

4«7 


1,076 

780  '. 

+1,000    . 

+     800    . 

3,021i  - 

+     600    . 

2.05K 


:  700  I 

8i4  •}  ^'"">-  I 


3il     Many. 

A\      Many. 
1 


700 
1,000 


+  100 
-  15 

Flow.««.  I 

Flows.  I 

! 

Flows. 

Flows. 

Flows. 
Flows. 


Remarks. 


Temp.,  90°. 
Water  at  350  feet. 

For  oil,  two  welK 

Water  at  various  depths: 
soft  water,  with  little 
iron  and  sulphur. 

Water  soft,  with  little  iron. 

Numerous  oil  wells  in  vi- 
cinity. 
Water  at  1,000  feet. 
Temp..  86«>. 
No  water. 


I 


Few. 


-200 


Wahtenburg 

Jefferson  County: 

Arvada 

Kiowa  County: 

Sheridan  Lalce  . . 
Kit  Canon  County: 

Burlington 

Lake  County 

lieadville 

U  Plata  County: 

Durango 

Larimer  County: 

Loveland' 

8tout« 

Las  Animas  Countv: 

Barela 

Do 

Hoehne 

Thatcher 

Salt  Creek 


1,250 

460    Flows. 

1.280  t;    60 

600    Small.  Flows. 

I 

•100    30    

I  I 

400 Flows. 


2,465 
1,226 


Flowed. 
+  80 


Troy 

Trinidad  . 
Do..., 


Logan  County: 
Fleming... 


1,840    ... 
+  1,040    . 

36"" 

-300 

936    ... 

920 
2.0S0    ... 

r»l. 

-620 

400  or  500    

2,595 
2,713    ... 

6i 

Many. 

195 

Mesa  County: 

Grand  Junction  . 


A-a 
1,000 


-160  ' 


6i-5i 


Few.        No  flow. 


Montezuma  County: 

Cortez  (9   miles  south- 
west). » 
Montrone  County: 

Montmae 

Otero  County: 

Fowler 


Salt  waterat  890  feet,  small 
amounts  of  water  ai  700 
and  1.600  feet. 

For  gas.  entirely  in  shale; 
salt  water  at  —40  feet 


Waterat  1,200  feet;  aban- 
doned. 


Water  at  1,365  feet. 

Por>r  water.  922  tol  ,000  feet. 


Well  abandoned. 

Unsuccessful  in  finding  a 
sufficient  supply  of  good 
water. 


Shale  water  from  150  to 
250  feet. 

Very    small     supply     of 
water. 

Some  gas  at  444,  700,  and 
864  feet. 


79.'»    Several. 


No  flow. 


Flows.     Temp.,  72°. 


Uolbrook 

Iron  Springs. 


Lajunta* 


i.:i72 

661 
1.162 


4a'. 
412 
420 

4:iy 

»>40 
670 
700 
74U 
740 
76^; 
,\W1 


8 
45 


r.56 


Flow«. 
Klow>. 
Flctws. 


Flow  of  soft  water  from 

upi»er  sandstone  of  the 

Dalcrita. 
Penetrat<>d     the    Dakota 

sandstone  110  feet. 
Flows  at  210  and  375  feet: 

II iisHtHf actor v  water  at 

1,0.|»;  feet. 


:J5 
15 


FloWh. 

Flows. 


7i 

7< 
5» 


I2i 
25    . 
Manv. 


Flriws. 
+  20 

"Flows'. 


Teini.. 
2  well* 

TlMIIp. 

Do 


Temp., 
Temp., 


:  temp. 

68'-. 


♦M<o. 


1V\ 


*Kecofd.  51st  Congress.  1st  .«<ession.  .Senate  Ex. 
Doc.  No.  222,  pp.  214. 


•Reeonl.  Colorailo  Slate  Kngineer,  Flghth  A.iv- 
nual  Report,  H5tf>-%.  VV  *^>-"^ 
4 Ibid.,  Ninth  biennW\  H*;v«)tx..\^«l-»*s,vv  *»^*»- 


--,     xnjS     UJNlTJJiU    bTATJ2b. 

CONNECTICUT— ConUnued. 


Location. 

Depth. 

Diame- 
ter. 

Inrheg. 

12 

Yield  per 
minute. 

Height  of 
water. 

Fret. 
Nx)  flow. 

Rema 

New  Haven  Coanty: 

Meriden 

1 

Ftei.       : 

530  1 

3,800  i 

4,000  1 

(iallon*. 
70  i 

New  Haven 

Unsuccesssul. 

Do 

8 

. 

Southbury  * 

New  London  County: 

MysUe 

800' 
850 
8,440 

600  ' 
610  1 
800  1 
400  ! 
700  ' 
420  1 
6,004 

6 
6 

i! 

40  1 
Not  any.  i 

! 

Tolland  County: 

Mansfield 

No  flow. 
-36 

Do 

Rockvllle 

Abandon9<l 

Pomf  ret 

Pomf  ret  Center 

6 

6* 

fi 

1-2  1 
Few.  1 

•i' 

-26 
No  flow. 
No  flow. 
No  flow. 
No  flow. 
4 

Putnam  Heights 

Do .". 

Do 

Do 

Do 

»Am.  Jour.  Sk'i.,  vol.  62,  p.  275,  1H90:  alj*o  Hoblw*.  -Jlst  Ann. 

DEL.AWARK. 


Location. 


Depth. 


,   Dlame-  [Yield  per'  Height  oi 
I      ter.       I  minute,        water. 


Remarks. 


Kent  County: 

Bowers  Beach  1. 
Newcastle  County: 
t«... 


Fort  Dupont« 
Middletown*. 
Do.* 


Do.ft 

Wilmington... 

Do 

Do 

Reedy  Island*. 
Sussex  County: 

Delmar^ 

Lcwe.s* , 

Do.8 


Feet.            Inche*.      (iiillow.  i  Fut. 

600                 :<||           200  No  flow. 

734                8  '     .Many,  i  Flows. 

635  i         10-8  '           330  I  -50     Water  also  at  476  feet, 


Not   much   wati^r    be 
240  feet. 


821  :. 
400  I 
1,077  I. 
416  '. 
570  . 
I 


I 


400  ! 
1,080  ' 


Manv. 
16-18  i 
10  i 


-35 

*25" 

Fl<»ws. 


15   .Vtsurfaee. 
15  ,        Flows, 


Water  from  635  and  Gi 
686  feet. 


iN.J.  Geol,  8urv.  Rept.,  1899,  p.  110. 
«  Record,  N..I.  Geol.  Snrv.  Rept..  1900,  pp.  132-134; 
1901.  pp.  ia>-107, 
a  Record.  U.  S,  Geol.  Surv.  Bull.  No,  KW.  p.  12:i. 
*  Record,  N,  J.  Geol.  Surv.  Rept.,  189«,  p,  115. 


f'lbid..  1901,  pp,  107-109. 
« Ibid..  1897.  pp.  'J4H-249. 
nbi<l,.  1S99.  pp,  111-112, 
«*lbid..  1.S9H.  pp.  Ki-}!i7. 


LIST    OF     PUBLICATIONS    RELATING     TO    DEEP     BORINGS    IN 

DELAWARE. 

New  Jersey  Gelogical  Survey  Report<»,  l)y  the  State  (itH)lopi.«t,  for  1897, 1898,  1891 
900,  and  1901. 
Artesian  well  prospects  in  the  Atlantic  Coastal   Plain  rejrion,  hy  N.  H.  Dartoi 
niteJ  States  Geological  Survey  Bulletin  No.  138. 

DISTRICT  OF  COI.UMBIA. 


Location. 


lington,  Heurichs  old 

wcry. 

ington,  Riggs  House 


Depth. 


Fed. 


minute. 


Kemark.H. 


MOO 

Jnchc*. 

;  Galloiii. 

'      None.    . 

1 

Ftft. 

...    Ai»ftn<loned. 

558 

...    Unsuccejisful. 
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FIX)RIDA. 


ition. 


ity: 
ty:'* 


mty: 


Depth. 


Ftft. 
629 

425 
4»4 
435 
530 
450 
440-465 


Diame-    Yield  per  Height  of  I 
ter.        minute.       water. 


Inchr». 


510  ' 


400 
4K0 


6 
li 
4 
4 
4 

^ 

I 


Remarks. 


GcUUmt. 
300 

100 
2,500 
Many. 
Many. 
Many. 
Many. 
Many. 
Many. 


Feet. 


I 


e  Springs 

600 
673 

8ir» 

nty: 

-1-400 

520 

1.200 

1(1 

1  100 

th» 

1,212 

>h 

1,200 

S; 

467 

400 

425 

40S 

650 

800 

\\ei 

793 

711 

630 

660 

1.020 

937 

490 

637 

650 

1  020 

616-5  000 

625 

ftOO 

100 

ti8 

IMH 

750 

kwmville 

I'lO 

nty: 

1,4<)0 

1  252-1  702 

nty: 
ola 

150 

ity: 

r.io 

6  I... 

4  1       Few. 

6       Many. 


600 
150 
300 


81 


+    18 

+    46  I  Temp.,  78°. 
-I-Many. ' 
+    10  I 
+    80 
+0to21  !  SWeUfl. 
+    16  j 
Flows.  '  Temp..  780;  bored  for  oil, 

I      none  found. 
+    4K     Temp.,  789. 
Flows.  I  riulpnur  water. 
Flow.  I  2  wells. 

+    30     Temp,  80°. 

-r     15 
+    38 


Many. 


-  100 


I 


6-4     Several. 
4  313 

4     Several, 


+  6 
+  40 
Flows. 


25 

650  ■ 
80  ■ 


Flows. 

Flows, 
-h  40 
+      6 


■SI 


432 
950{ 


+    17 
Flows. 


-h    64 


^5' 

6 
6 

432 
180 
600 
900 
2.333 

-H  62 
+  62 
+  62 
4     62 

H^   ' 

4-8 
4 
4 

60^100 
Many. 

+2^ 
+  40 
+     20 

8 

6  1 
6  i 

Many. 
Many. 

Flows. 
+  30 
+     60 

-f     55 

6 

+     69 

I 


I 


r'>-^ 


:U. 


«>-u  . 


Sulphur  water. 

Water  too  salty  for  use. 
Salt  water  only. 


Sulphur  water. 
Temp.,  74°  to  77®. 

Temp.,'81<>. 
Temp.,  77**. 
Temp.,  76P. 
Tenap.,  76**. 

Temp.,  78P. 

7  wells. 


Temp..  77°. 

Do. 

Navy-yard  well:  no  good 

water. 
4  wells. 

Temp.,  68°. 


Ill  pn>gress. 


am 4(H;an(l  107  I 

S 4(H;-:>7:'. 

City KM)    . 

7,.-, !. 


;>  -JUO 

-4         100-200  , 


Flow.     2  well.H. 
+  4-40     7  wells. 


Ity: 
ity: 


1(H)  ! 

150  I 

\'2i\  . 
4(N) 

1.2CH)  i. 

1.210  ; 
l.-J(M)    . 


Many, 
20 


d,  Am.  .lotir.  Sci..  :;<!  sor..  vol.  II.  pp.  105-IWi. 


9.S 

-  117 

+  20 

-f  10 

+  4 

+  3 

-  15 

-  74 
--     30 

*  Representative  wells. 
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LDiJLt^aii. 

hWL 
iJ.JfiO 

640 
7fi0 
700 
762 
7.'V0 

em 

41C 

GUO 

4m 

4,10 
4-iO 

Diame- 
ter. 

Yield  per 
minute. 

Qallont. 

Height  of 
water. 

J-\xL 

Remarlts. 

MonTfTOivnnty: 

Key  W*«l... 

Inches. 

Ka»snn  f*»iitit>': 

FtThiiudiiiii ' 

8 

2S:  36 

^  64 
i    40 

Water  from  618  fee 

Do 

Temp.,  77*. 
Temp.,  74°. 

Fernandina  (ciiy  i>ark) . . 
Fernandina 

Heart'H  Road?  (railroad 
junction). 

OflP«olftO,i;:i,K: 

4 

Many. 

^64 

Temp.,  77°. 

Do 

Mitrcoowco  .«»»..*«.***-- 

3 

-  27 

l^ilk  Countx: 

BartttW  (ft  nUioB  KHith- 

Do , 

Small. 

1 

Hart  CI  w          * 

.„. |.... 1 

Water. 

PttJicrt  Cijiiniy: 
l'H5ia<1f.*na 

-  86 

-  12 
Flow. 

Fiitnaiit  Cttimty: 

Hmiliii^ton          .  »  .  * 

4 

Several. 
Mniiy. 

6,600 
Many. 

Rl  V  i^tfiiLni^ 

2  wells. 

i4t.  John  ('otinty: 

Si.  Auiniitttnev 

].4tHt 
1,50U 

l,OfiO 
7Fitl 

Temp.,  80°.  Stroi 
al80  at  400-460 1 
660  ft»et. 

Do.  ,.,,  ....,,...„, 

Flows. 

St.  Aiiifunlltit!...., ....... 

F10W.S  at    468,   1.: 

ti  wanw  County: 

UvcoiLfc. 

ft 

Many. 

60 

Many. 

aiA. 

-  61 

22 

-  10 

1.200  feet:  lattei 
witii  IJme."  F 
at  1,225  feet. 

Volusia  County: 

tie  Lund 

WashLfifftoti  Cckuiity: 

CaryvlUe. ..,....- 

GKOK 

8-6 
12 

6-2 

7-4i 
4 

r> 

6 
6 

H 

A 

6 

Hrtxl**y* 

riU7 
tXHJ  or  TflO 

r>oo-.' 

46U 
484 

416 

(V)fi(H) 

7ra 
7.5() 

67fi 

992 

1,260 
7fi0 
425 
618 
876 

No  flow. 

Water  at  320  and 

Do  ...  ....   .   ,.....,. 

iB() 

Many. 
Not  any. 

Miiledgt^ville.,,...,..... 

Bibbt'rmniy: 

SldctTlH.,...   ...... . 

.\bandoned. 

BnmkHrittmty; 

giiltnmn* 

Uryfin  I'tMitity: 

\VavHS(iHion« 

I>()            

'M) 

Water  at  10*»  feet. 

Many. 
40 

^    20 

Water  at  :i40  and  • 

BuIUwh  (Vmnty: 

St*it(*>»lw»ro     

-  UK) 

Do 

Water  als<t  at  280 

Burkt'  County: 

Drv  Croek^ 

i.^' 



-  :io 

Midville 

Sebantopol 

1     tVot. 

t  47  1  WhIit  bearing  bo< 
:io«»  and  460  fee 
hard.  «'oiitHinii 
iron  and  siilptuii 
6S^'. 

-     2  '  Water  at  200,  :i46. 

VVavnesboro  ' 

feel. 
1    14      Water  at  2'iO,  .HOO,  i 

Do 

Do 

fert. 
No  rto\\" 

Do 

Do 

Do 

No  flow.  1 
18 
Aban<loned. 

» Ga.  Geol.  Surv.  Bull.  No,  7,  pp.  76-76. 
3  Am.  Jour.  Sei.,  3d  ser.,  vol.  34,  p.  70. 
3(ia.  Oeol.  Surv.  Bull.  No.  7,  p.  149. 
Ubid.,  p.  193. 


^Record,  ibid..  i>y).  l;'>(i-l.'»7. 
«Ibid..  pp.  1IM12. 
f  Ha.  (ieol.  Surv.  Bull.  No.  7.  |».  128. 
"Record,  ibid.,  pp.  r2i>-126. 
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11. 

Depth. 

625 

672 
400 

600 
4«5 
680 
475 
500 
5-25 
114 

450 

4  north) 

ManiP.... 

iloM  north- 

nllfHHouth), 
miles  west  j 

OKf**<*htM'  : 


*H50 

1.5U) 

500 

402-470 

475-700  j 

1.147  ! 
♦  r»59  ■ 


Diame-  j  Yield  per    Height  of  ! 
ter.        minute.       water.     ! 


Remarkii. 


Ineha.      UaiUtn*.  i 


5-2 


12 
10 


23 


555 
GO 
33i 

Mnny. 

Many. 


:^00 


Many. 


FM. 


+  30 
No  flow. 

f  12 
+  12 
f  51 

FIOWH. 

f  20 
f-  60 
f-  50  ; 


IH 
No  flow. 


Water  at  600, 600.  and  700 
fi>et:  hard  and  ullghtly 
chalybeate. 


Abandoned. 


Water  sulpharoiu. 


Water  at  300  and  600  feet. 


Water  at  130  and  450  feet. 


2  wells  reported. 


(i       Many.    5  wellMof  old  waterworks. 

...  (13  weliH   I                    M'itv  waterworlCM  eomprii*' 

*-   \      4.M61    ^     ••     •• 

4    


4  :u 
Flows. 


\    inf<  13  wel]». 
Temp.,  I'iP. 


iles  wt»Nl  I,. 
»n«- 


650  I 
HOO  ' 

750.' 

57l-50fi 

*400 


150  I 
400 


450 


•JO  ■ 

-  12 


-A 

-240  I  2  wells. 


I 


yoo  r.-2  -  50 

l.:{25  I -  Water  at  280  and  370  feet 


ri-2 


525  1 
<.H0 
t  (lOO 

4 

H 
»» 

S 
« 

i;-4 

10 

4 

«] 

«'» 

ei.' 
It 

-joo' 

Not  any. 

-  70 
-  120 

Water  at  about  300  feet. 
A  bandoned 

7J0    ... 

.viO 
700 

•200 

-  20 
-  30 

-  IS 

FIOWH. 

Flowf*. 
t    •-M 

*  :w 

r\[^ 

•JO 

1.'. 

FIOWH. 

so 

•to 

12 

4W> 

1 

400 

7(lO-7S) 

7.i2 

•VH)    ... 
.M7 

•JO 
•JO- 115 

•J-J5 

Temp.,  50<*. 

Numerou.s    weIN;    temp 
7:tj-'. 

Pure  water. 

.M7 

12 

Water  also  nt  'JOO  fiM't. 

T.'iO 

1    l.-JtMl  HIXI      ) 

Mhtiv, 

Jl 
10 

Water  Ht  300  and  750  feel 
•J  welln. 

1           \,<^^  \ 

5«»  . 

alysls,  (Jh.  <m'o1.  Surv.  Hull.  No 

pp.  I.v;-I.s7. 

.  pp.  7H-79. 

pp.  7C  77. 

.Bull.  No.  7.  p.  7y. 


pp.  114  IJt). 
.  pp.  ItiO-lC.l. 


i»  Ibid.,  p.  KVJ. 

'-iJa.  Geol.  Surv.  Bnll.  No.  7,  p.  145. 

»*  Analysi.s.  ibid.,  pp.  144-145. 

•MU'Cofd.  Ibid  .  pp.  l.'»«»-I(10. 

>•' Analysis  Hiul  nn-ord,  ibiil.,  pp.  179-181. 

"JReionl.  ihid..  pp.  178-179. 

•Mbid..  p.  IKJ 

'■•Ibid.,  pp.  \i>A  181. 

»''ll)ld..  pp.  121-122. 

-"Ibiil..  p.  43. 
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[»o 


Location. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

Glynn  County: 

Bladen» 

FM. 
480 

46O-490 
415 
540 
430 
460 
465 

405-822 

420 
460 
480 
480 
438 

1,075 

500 

1.200 

680 

800 

1.000 

853 

525 

450 

445 

672 
763 

850 

450 

500-600 

540 

900 

460 
4*30 

522 

500 

5064 

450 
414 

49-2 
530 
450 
500 
455 

500 
425 
425 
450 

450 
490 

583 

600 

400 

900 

Inches. 
3 

S 
3 
8 
4 
6 
4 

21-4 

3 
2 
6 
6-3 
6 

6-4 

Gallons. 
100 

200 

+  30 

+  28 

+  19 

1-  12 

+  25 

+  12 

Flows. 

f       +10  to 

\          +57 

+  14 

+  38 

+  45 

Water  at  160.  260,  i 

Brunswick  * 

feet. 
Numerous  wells. 

Do 

Temp.,  62°. 

Do 

600 

Do 

Do 

•350 
600 

15-400 

Do 

Temp.,  70°. 
|l2  wells. 

Do 

Evelyn 

Sulphur  water. 

Everett  City 

Jeltyl  Island" 

250 

100-150 

250 

Not  any. 
Not  any. 

St  Simons  Island 

3  wells. 

Do.« 

+  40 
-100 

Water  350  and  435 

Houston  County: 

Fort  Valley* 

Do 

Abandoned. 

Do 

Irwin  County: 

Fitzgerald« 



6-3 

'I 

12-8 

3-2 

4 

6 

8 
3 

8 

6-2 

8 
6-4 
24,4 

•A 
4 

8 

10 

8-6 

.      3 
3 

t 

6 
•J 
3 

-  27 
-150 
-128 
-320 

+  10 

5o 

Do 

Do 

139 
3 

Jefferson  County: 

Bartow 

Louisville  7 

Several    wells:    t 

Wadley*    

Many. 

+  20 

•      -  60 
-  63 

low  ground  floi 
13    wells    report* 

also  at  330  feet. 
Water  at  480  and  ( 

Johnson  County: 

Wrightsville  • 

Do 

Laurens  County: 

Dublin 

Fir«>t  flow  at  350  f 

Lee  County: 

Albany 

25 

h 

Many. 

150 
lUO 

-  68 
No  flow. 

-  12 
+  20 

+  20 
+  24 

-113 

-120 

+     I 

-+    20 
+  50 

Lcfsbursf 

Temp.,  68*^ :  miner 

Do 

Smith  ville'" 

2  wells. 

Liberty  Coiinty: 

Kioeboro  '> 

r)o.>2 

Soft  water. 

Lowndes  County: 

V'aldosta '' 

Temp..  70°:  wat€ 
450,  and  515  fee 

Do 

25 

200 


.McDiiffie  County: 

Thorason 

Mcintosh  County: 

BarrniKton  '* 

Flows  at  350  and 

Crcytons  Island  >< 

Dtirien 

Do.  •&.     .  . 

250 

+   15 

+   45 

f  GO 

+  r.2 

Flows. 

Flows. 

1           +  26 

]           +26 

■'■" 

No  flow. 

-  S4 

-  60 

Dob^jv 

Evolvn  .... 

Sulpliurous  watei 

Valona 

120 
:i(K) 

06 

Temp.,  70°. 

Macon  County: 

Montezuma  ••' 

2  wells. 

Do 

Temp.,  62°. 
Do. 

Do 

Do 

... 

4 
10 

Flows  at  tK).  150, 

Do 

feet. 

OKlethorpe 

Temp.,  62°. 
Water  at  331  and 

Marion  County: 
Buenavista** .. 

Mitchell  County: 

Camilla 

Nonflowlng. 

Montgomery  County: 

Lyons^»'. 

3 
3 

10 

Main  water  horiZ' 

McArthur>» 

feet. 
Water  at  419  and 

1  Record,  Ga.  Geol.  Surv*.  Bull.  No.  7.  pi 

«  Ibid.,  p.  86. 

»  Analysis,  ibid.,  p.  94. 

<Ga.  Geol.  Surv.  Bull.  No.  7,  pp.  74-75. 

J^ReconLibid.,  p.  192. 

•Ga.  Geol.  Surv.  Bull.  No.  7,  p.  152. 

7  Record,  ibid.,  p.  1*32. 

8  Ibid. .p.  131. 
•Ibid.,  pp.  137-138. 
»oibid.,  pp.  176-177. 


"Ga.  (ieol.  Surv.  Bull.  No.  6,  pp.  110-11 

12  Ibid.  p.  110. 

»3Analy.sis.  ibid.,  pp.  154-156. 

"Ga.  Gei»l.  Surv.  Bull.  No.  7,  p.  109. 

>*Reconl.  ibid.,  pp.  105-108. 

»«Ibid.,  pp.  189-190. 

"Ibid.,  p.  198. 

"Ibid.,  p.  146. 

"Ibid.,  p.  147. 
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ity: 

3  miles  sooth 

lie> 


ity: 
intyV 


plantation  ^ . . . 
3  miles  west 
tahoochee 


ty8 


Depth. 


illB.. 
nty: 


nd. 
i.. 


Fttt. 
425 

490 
497 

1,000 

.410 

814 

879 

430-450 

740 
490 


490 
445 
455 
420 

1,?25 
400 
500 
900 
550 

800 
447 
450 
498 

700 

400 


650 
540 

1.900 
480 
440 

700 
500 
COO 

990 
431 


673 

4-4(H) 

7S'> 


497 
i:iO 
47o 


Diame- 
ter. 

Yield  per 
minute. 

Hei«rht  of 
water. 

Jnchet. 
8 

GnUoM. 
2 

Fut. 

-    4 

Water  at  400  feet. 

6 
8-4 

Flow. 
Flows. 

Temp.,  71®. 

15 

(i-4 

-  30 

Water  also  at  340-400,  and 
650  feet. 

4 

60 

-  70 

8 
6 

18 

-196 

Water  at  500.  600,  and  700 
feet;  hard  and  slighUy 
chalybeate. 

5  water-bearing  stnta 
penetrated. 

4-6 

+  19 

Several  wells. 

3 
6 

FlOWK. 

+  20 

Water  from  476  feet. 

1 

2 

■J 

+  20 
+  30 
+  20 
-120 

6 

8-4 

-  30 

-  10 

-  10 
Flows. 

4-     1 

Water  at  1,000  feet. 
ISupply   is  derived   from 
/    the  360-foot  level. 

4 

33 

8 

3 

4-24 

6 

8-4 

-142 

-  60 

-  86 
-148 

-  80 

10 

60 

2 

60 

+  14 

6  wells;  water  also  at  800 
feet. 

5-2 
3-200 

-  45 

-28  to -40 

50 

2  wells. 

5i 

K 
8 

Many. 
Many. 
3a? 

-210 
-210 
-176 

12 

4 

16-4 
44 

2 

4 

750 
150 

-  60 

2  wells  pure  water. 

-    55 

Mnny. 

- 190     Water  at  426  and  830  feet. 
-i:)4 

-    33     Water  also  at  287  feet. 

-  25     Water  at  90,  139,  and  296 

60 

feet. 
+  22     Temp.,  74^. 
No  flow.     3  wells  reported. 
80 

6-3  i 

3 

1 

K-2 

4 

1 
400 
l.V) 

...     D 

Sulphur  water. 
Temo.,   hlQP. 

Siilnhiirrins  watpr 

+  45 

Geol.  Surv.  Bull.  No.  7.  p.  HO. 
irv.  Bull.  No.  7,  pp.  l'JH-i'j9. 

»-124. 

1.,  p.  197. 

analysis,  ibid.,  pp.  174-17H. 

irv.  Bull.  No.  7.  p.  194. 

[.,  p.  160:  Analvsis  htkI  ncord,  T 

11.  No.  138,  p.  224. 


"Ibid.,  pp.  187-188. 

'"Ibid.,  np.  158-159. 

"  ReeonI  and  aualysi.**,  ibid.,  pp.  96-102. 

'»  Record,  ibid.,  pp.  133-136. 

»^  I  bid.  ^  pp.  103-104. 

>*(ia.  Geol.  Surv.  Bull.  No.  7,  p.  151. 

iMbid.,  p.  164. 
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PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  GBOR( 

Preliminary  report  on  the  arteeian  well  system  of  Geoi^gia,  by  S.  W.  1 
Geological  Survey  of  Geoi^gia  Bulletin  No.  7,  214  pagetn,  plates,  Atlanta,  189 

Artesian  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton 
States  Geological  Survey  Bulletin  No.  138,  232  pages,  plates,  Washington,  1 

IDAHO. 


LooAtton. 

Depth. 

Diamc- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Remarl 

Ada^nty: 

460 

+400 

±400 

460 
882 

616 

Incket, 

QaUont, 
270 

+  10 

Temp.,  mp,    ] 
aereral  wellv. 
averai^  66.%  1 
minute,    anc 
height    of 
Temp..  170°. 

Prospect  well; 

BoiaeCminfy: 

MiihoCfty 

Cania  Oomity: 

Oakley... 

Elmore  County: 

8 
8 

Medlmry 

76* 

Flowi> 

Premont  County: 

Dubois 

No  flow.   ,  Wnt^r-hAiirinflr  1 

Lincoln  County: 

Blls 

488 
425 
400 



8 

at  S75  feet. 

Minidoka 

Owinia 



ILLINOIS. 


A  damn  County: 
Camnpolnt . 
nnoii ' . . 


MeTi( 

Mendon  (1  mile  went) '.. 

Payson 


Quinry 

Alexander  (V>unty: 

Cairo 

Do 

Do 

Boone  Oninty: 

Bt*lvidere« 

Do 

Do 


Bureau  County: 
Buda' 


lAdd*. 


Ohio'' 

Print-eton  * . 
Do 


Do.«. 


1,006 

1,010 

400 

1,542 


550-1,000 

700-750 
1.025 
1,040 

l,d50 
1,9»2 
1.231 


1,610 


412 
2.500 
2.092 


400 


5M4 


H-4 
10-6i 


13  1 


556 


400 
200 
180 


9MI  , 


320 


J 

'  Water  at  167  an4 
I      brine  at  800 
I      fet»t. 
.,  Swells. 


10  i  4  wells. 
—  I  No  water  beloM 


Flows 


G 
f> 

20     Watrr-bearinK ' 
1      834.  1.070  and 


.Stnmif  waUT  a 
feet,  which 
out;  wpll  r 
limestone,  1 
1,470,  then 
waNstnick;  4- 
coal  at  225  fe< 

Shaft  f(»r  coal, 
gallons  at  2! 
fralloiiHat  173 
dei;rea«ed  to  1 


WattT  Imrd.  8 
llin'  fn»m  ^.!^ 
foot  and  1.8( 
feet. 


1  IT.  8.  Geol.  Rurv.  Monofcraph  No.  88, 1890.  p.  715. 

«l'.8.0eol.  8ur\'.,17th  Ann.  Kept.,  1805-06,  part 
2,  p.  810:  Monograph  No.  38. 18W,  p.  573. 

J  Ibid.,  Monogiaph  No.  38, 18»,  pp.  «2Me9. 

4  Columbia  College,  School  of  Mines  Quarterly, 
vol.  16,  pp.  238-248. 


*  U.S.  Geol.  Sur>'.,17th  Ann.  Rept.,l> 
2,  p. 816;  analysis,  ibid.,  i»i..  808.  828:  5 
No.38,l«K>,j>.«ii7. 

•Record, Eeonomie  (ieijloKy,  111.,  vol. 
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R£4 


ILLINOIS— Continued. 


Loi'atlon. 


Canol]  Count  v: 
Mount  CarmlP. 


Depth. 


I  Diame-    Yield  per '  Height  of 
ter.        minute.        water. 


Ftei. 


2,602 


Jnckts. 


Hount  rarroll  (4  miles 
*»outh).» 

S«  vanna  • 

C«»*iX>unty:  i 

Beardstowns ' 

Do.» 1, 


Virpnia 

Chamnaign  County: 

Champaign 

Do* 

Cbristian  Count  v: 

Pana» .' 

Clark  Coiintv: 

Marehalf 

roles  County: 

Charleston 


IK)... 
Mattoon . 


f'flok  County: 

Arlinirton  Heights*  . 

AiwUnT 

Avondale  

Blue  Liland 

JjMfin 

Cicero 

Chicago' 


Do.8 

Do 

Do.« 

^tcago   (Union    Stoclt 

Yards).* 
Chicago    (Lehman 

well). 
Chicago  (Swift&Co.)... 

Chicago  (Stockton ) { 

Chicago i 

Chicago    and    Western  I 
avenues.  •"  ! 

Do." 

Cnudn 1, 

Erannton  " 

Hanrey 

Do." { 

Hawthorne 

Do 

Inrlng  Park I 

Kennngton 

Do ! 

Ugrange 1, 

Leinont 

May  wood 

Morgan  Park  " 

New  Chicago 

Oakpark  

Do ; 

Do 


Palatine  i«. 


1.432 

1,070 
050-1,100 


750 

400 
+  *6«3 

2.507 

500 

2,600 

7IHi 
1.W7 


HOO 
l,2a5 
1,968 
1.649 
.30*^1.534 
1,571 

694 

711 
1,400 
1.200 
1.105 


2,604 


2, 

2, 

2, 

700-2, 


300-1, 
1. 

67.>-2, 
1, 


1. 
1, 
757-2, 
1, 
1. 
1, 
1, 
1, 

•i 

1, 


700 
180 
186 
780 
711 

694    . 

534  1. 
602  I. 
075  . 
300  ,1 
075  J 
989  |, 
005i  , 
187  . 
J'JVi  1. 
'IKl  I. 
014    . 

595 
•MC.  1. 

:ioy  . 

5h8    , 
5«)M 
200  '. 


r>.')<) 


Gallonf. 


500 


17 
175 


Feet. 


+83 


Many, 


Many.  I 


400 


-13 
-13 


At  top. 


840 


250 


No  flow. 
+60 


Remarks. 


Much  water  at  1,200  feet: 
lecfs  from  1 ,300  to  2,600  ft. 


Water,  oil,  and  gas. 

Several  artesian  wells; 
flow  of  water  at  about 
350  feet:  another  flow 
with  small  amounts  of 
gas  and  oil  at  500  to  600 
feet:  a  third  floor  near 
the  bottom. 

Water  at  730  and  750  feet; 
unHt  for  drinking. 


Bra(!kiKh  water. 

2  unsuccessful  oil  borings. 

Salt  water  at  160  and  815 
feet. 

Salt  water  at  308  feet,  and 
very  salty  at  1.600  feet. 


Hard  water,  original  head 

+77  feet. 
Original  head  +77  feet, 
rnsuctfessful. 
Hard  water. 


Brackish  water. 


2  other  wellx. 

Many  wells. 

Test  for  oil:  nmall  amount 

of  oil,  strong  flow  water. 

Flow  of  water  at  694  feet. 


+  5     Water  at  662  to  832  feet. 
I  4  wells, 

- 10     2  wells. 


45  I  Water  at  1.040  feet. 


500  , 


T.  S.  Geol.  Surv-.  Monograph  No.  :iS.  Ih99.  pi>. 
fll-612. 

•Record.  111.  Geol.  Surv..  pp.  (ii.  (W. 

•U.S. Geol.  Surv.  M(mograph  N(..  'is,  1K99,  p,  711. 

♦Ibid.,  Folio  No.  67. 

»IbM..  Monograph  No.  38.  1899.  p.  726, 

•IWd..  p.  687. 

T.S.Geol.  Surv.,  17th  Ann.  Kept..  189i>-96,  part 
2.  P.  WO. 

•Ibid.,  p.  811. 


-20     Water  from  1.529  feet. 

i  -  20  ,  Water  from  1.600  and  2.200 

I  feet. 

. ' +  2  1  Water  at  1(»0  and  800  feet. 

»Reeonl.  Economie  Geologv,  111.,  vol.  2,  p.  18<'». 

«"  IT,  S.  Geol.  Surv.  Monograph  No.  ;W.  1899,  p.  584, 

•>  Ibid..  17th  Ann.  Kept.,  1895-9(>.  part  2,  p.  813; 
analvsi.s,  ibid,,  p.  827;  Monograph  No.  38,  1899, 
p.  5s'7. 

i*Ibid..  Monograph  No.  :«.  18»>9,  p,  5«K), 

»3Ibid.,  pp.  58'J-.590, 

•♦Reeorrl.  ibid.,  17th  Ann.  Kept..  189.'>-96,part2, 
p.  816;  Monograph  No.  38,  1899.  p.  685. 
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Location. 

Depth. 

Feet. 

1,500 

1.4'25 

434 

980 

2.200 

1,575 
r            1,300 
\            1,353 
1,601 
3.081 
1,570 
1,900 
1,308 
1,274 

640 

800 
880 
890 

981 
700 
800-2, 470 
800 
■ 
942 

792 
3,000 

+  2.000 

8<V4 

1,425 

f                869 
1            2,081 

2.200 
2.500 

+     4tX) 
571 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Fert. 
10 

Remark-. 

Cook  County— Continued. 
Park  Ridge 

Inches. 
6-3 

(iaUom. 

Do 

RIverdale 

River  Forest    .... 

Riverside ' 

Several   wells  at 

Do 

depth. 

South  Chicago 

I 



2  wells. 

Summit  Yards 

1 



Turners  Junction 



Winnetka> 



150 

+  8 


Original  head  -t  ] 

Do 

Washington  Heights .... 
West  Pullman 

Cumberland  County: 

G  reenup 

2 

8-6 
10-8 
14-6 

6^ 



Mineral  water. 

Dekalb  County: 

Dekalb 

Many. 

Manv. 

300 

Many. 
Many. 



•2.S 
—  55 

r>5 

-60 
^40 

Do 

Do.3 

Water  125  t(»  161  ji 

Do 

Do. ' 

890  feet. 

Do. » 

:{  wells. 

Malta 

Dewitt  County: 

Clinton* 

Pnxspeet  boring  : 

Douglas  County: 

Tuscola 

Do 

9-6 

Temp.,  <;o^. 

Dupage  Cx)unty: 

Bensonvllle  * 

Hinsdale* 

Napervillfc 

i2^i 

I 

140 

Water- 1h»h ring  b* 

West  Chicago 

and  1,416  feet. 
2  well.s. 

Edgar  County: 

PariH 

Not  any. 

Do 

Fay et I e  County: 

Rainsev 

Vnndnlift 

Ford  County: 

liibson« 

705 
2. 670 

7H0 
465 

l.his 
2, 500 
1 , 646i 

2  '3:\S 

Boring  for<'oal. 

Coal  |»rospeet. 
Water  from  2.050 

Pftxton"* 

5 

Many. 
3 

Fmnklin  County: 

Benton 

12 

\Ve.st  Frankfort.,  . 

Fulton  County: 

Avon 

Canton" 

1 

14-6 

2»i() 

^  \\\ 

Do. ' 

i  lo     Water  from  1.10 

Do."^ 

fiet  and  1.4at 
feet. 

riisiK'ct'ssfiii. 

Al»i(»  s»ilty  and  sii 
water  at  about 

Test  lM)ring  for 
rl<'.:     not     util 
water. 

\'t'ry  salty  waten 
For    oil.    onlv   Si 

Ipava^* 

1 .  570 
3.487 

1 ,  m) 

1,513 
1.500 

I.:i30 

4 

tW) 

Vermont '" 

Gallatin  ('ounty: 

Equalitv, .  .* 

6-;i,i 

Shawneelown  " 

Do.i-' 

f<.linrl. 
\t  rAH)  fi'et.  small 

Greene  County: 

Carrollton  '•' 

at  \jnn).  large 
salt  water. 

5(1      Water  fmm  1.22. 

feel. 

U.S.  (ieol.  Snrv.  Monograph  No.  'M<,  1899,  p.  5k0. 

2  Analvsis.  Ibid..  17th  Ann.  Kept..  1895-96,  part  2. 
p.  828:  Monogniph  No.  :^8.  1899,  p.  587. 

Mbid..  Monograph  No.  38.  1899.  p.  602. 

<  Partial  reeord.  ibid.,  i.p.  7a5-706. 

^  r.  8.  (Jeol.  Snrv.  Monograph  No.  38, 1899,  p.  592. 

«Ibid.  pp.  (\tV2-^J63. 

7  Reeord.  ibid..  17th  Ann.  Rept..  189.5-96.  part  2. 
p.  849:  Monograph  No.  38.  1899.  p.  (>87. 

«  Record,  111.  Geol.  Surv.  Rept.,  vol.  8,  pp.  62-63. 


^Ihid..  17th  Ann.   Kept..  l,v.i.'>-W,  part 

Monograph  No.  :{S.  is<.i9.  j..  cs-h. 
'"Ibid.,  Monograph  No.  -.^s.  ls*n».  i>.  GH.*^ 
"  Ibid.,  17tb  Ann.  Kept..  1S9.VVK;.  part 
'■'Ky.  (ieol.    Surv.    Rej>t..    retrolemn, 

(hvi.  ete..  bv  K.  Orton.  p.  205. 

>■»  Record.  V.  S.  Geo).  Snrv..  17th    An 

1895-96.  part  2.  p.  K19;  Monogniph  No.  :i 

745. 
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L<x"alion. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

froUonif. 

Height  of 
water. 

Feet.    . 

Remarks. 

Strong  water  vein  at  1,985 
feet. 

Brackish  water  at  aliout 

(Jrundy  Gountv: 

Carbon  Hil'P        

Feet. 
1,900 
2,100 

1.162 
406 
600 
601 

800 

1,800 

1.000 

1,787 

975 

840 

i,o:w 

(•)80 

680 

r             1.300 

\            2, 200 

780-800 

750 

860 

1,600 

1,601 

1,329 
1,470 
2,'2f0 
1,354 
1,4«0 

1,050 
1,073 

1,394 

+  1,200 

1,746 

400 

1,800 

.509 

1,800 

2,oo:i 

940 

1.000 

1.209 

697. 875 

663 
1.388 
2, 270 
2. 25.5 
2. 235-2. 2-50 
1.971 
1,457 
1.279 

Inches. 

Minooka » 

f  46 

Do..... 

Morris* 

10 

Many. 

Flow  8. 

Do.s 

Do 

"«»^Uton  County: 

8-5| 
.5-3 
10-8 

34 

«&nccHkCountv: 

^-Hrthage' 

-  16 

Do.3 

-  20 

+     5 

750  and  1.000  feet. 
Water  at  865  and  975  feet 

Do.  * 

Mineral  water. 

Do.  •■• 

.Many. 

Do. 

Hamilton 

*>enver  (near)" 

Many. 
36 

35 

1.000 

100 
90 
200 

-  40 

Hamihon 

-f-  63     Sulphur    water;     King- 
land's  .Sanitarium, 
-u  63      Min»^rnl  wRtf»r 

Hiverside  *  . 

} «■ 

4 
6 
6 

Do 

V\arsaw 

Do.7 r. 

Do.  7 

Do 

-1-  20 
+  65 
^15;-> 
+  62 

3well.«^:  water  sulphurous 

Do. 
Original  head  +98. 

Tftst  for  nil. 

^*»»clei>on  County: 

JSiron^hurHf* 

-    30 

^'i^ry  C-ounty: 

Cam  bridgre 

9-6 

9-6 

6 

74 
50 
190 

-146 

i.YuIva 

-178 

Oeneseo  * 

+  31' 

Do 

Kewanee"> 

Do.  >« 

7-1 

12-4) 

130 

80 
80 

150 

Water    from     1,000   feet; 

temp.,  65°. 
2  wells:   temp..  66°. 
Coal.  3  feet,  at  187  feet; 

water  at  416  feet. 

No  good  water  supply. 

('oal  boring:  no  rock  en- 
countered. 

(»f)od    water  at   400  feet; 

saline  water  at  ^60  feet. 
Well  at  brewery:  tlow  of 

salt  water  al  alMmt  1,300 

feet. 
Water  at  1,400  to  1,600  feet. 

Do 

350 

Woodhull 

IroquolH  County: 

Danforth  " 

Gilman 

150 

-    7 

Onarga  (near) " 

Sheldon 

10-5 

H 

100 

40 

Jackjon  County: 

Murphysbom 

Do.»2 

JtRjey  County: 

Jersey  ville" 

Jo  Daviem  County: 

Eai?t  Dubuque  '< 

12-3 

2(KI 
420 

100 
95 

Do 

Galena  »& 

Warren 

8 

166 

+  a5 

2  wells. 

Kane  County: 

Aurora  •« 

Do. " 

fUy 

3;50 

Do.»7 

-1-  ^k) 

Do." 

-i-  60 

Do 

3  wells. 

Do 

Do 

Batavia 

T  ?i.GeoKtSur^".  M T}iai\^i\.  So/.iH.  1899.  |..»VI7. 

^Rei-nrri,  E*Htiinmie  Ool,,  III.,  vol.  3.  pp.  :w- 
387. 

Mbid,,  17th  Atm,  RL-i-t.,  1895-96,  part  2.  p.  SIO; 
3*0fni«™ph  'So.  3«,  IftW,  fi,  tJ82. 

iRp^iM,  ni  OeoLJitirv.  Kept.,  vc.I.H.  pp.  (^4-65. 

*  1  -  urv,  Mminijraph  No.  iis.  18«.>9.  p.  684. 

'Ibid.,  p.  683. 

•Ibid.,  p.  680. 

•Ibid.,  17th  Ann.  Kept.,  1895-96.  part  2,  p.  813; 
analTsis,  p.  827;  Monograph  No.  ;^.  1899,  p.  6'23. 

*'Keeord,  ibid.,  p.  814:  analysis,  p.  »21:  Mono 
gmph  No.  38,  1899,  p.  624. 

IRB  149—05 3 


•>  r.  S.  (Jool.  Siirv.  Monograph  No.  38.  1899.  pp. 

(M7-tl5M. 

>Mbi(l..  p.  7S0. 

"IMd..  17th  .Vnii.  Kept.  lHy.V96.  part  2,  p.  814: 
Himlvsis,  ibifl..  pf).  HOx.  827:  Monitgraph  .No.  ;«, 
189«>.  p.  747. 

>Mbi»l..  M(»ii()grai.h  No.  :i8.  1899.  p.  Tk.S. 

'^Ihid.. 17th  Ann.  Kept.  1895-9<i.  part  2.  p.  813; 
analysis,  p. 827;  Monogmph  No.  'Ss.  189*).  p.  .565. 

>«  Ibid.,  p.  810:  Monograph  No.  38, 1899.  [..599. 

»7  Analysis,  ibid.,  p.  820;  Monograph  No.  38. 1899, 
p.  599. 
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ILLINOIS— Contimietl. 


Location. 


Depth. 


I  Diame-    Yield  per 
ter.      I  minute. 


Kane  County— Continued.  Fuel. 

Carpentersvllle A92and2,300  \. 

Elburn I  1,37ft   . 

400-2,500  I. 

600  ,. 

1,400  ,. 


Inchrs.    ;  OaUons. 


Geneva 

Gray  Willow'  . 
Elgfn*-' 


Do.». 
Do.». 

Do.«. 


Kankakee  County: 

.  Kankakee^ 

Kendall  County: 

Plattville  (2  mile.*)  north 
of).« 
Knox  County: 

Galesburg* 


l)o.«. 


Do 

Knoxville*. 


Lake  County: 

Highland  Park  > 


Do.  »i 

Lake  Forest'*. 
Do 


1,876 
2,026 

2,230 

1,000 
550 

1.236 

1,226 

1.999 
1,360 

I 

2.200  I 


(1.800    and 
\    over. 

960 


6 
4 


Height  of 
water.     I 

Feet.       I 


Remarka. 


2  wells. 

.1  4  wells. 

!|  Water  at  487  to  61-*  K 
I  sulphur  water  at  «»*'  ^" 
I      700  feet.  ,  ^ 

2  i  Also  sulphur  water  ^^^ 


I  ■ 


to  700  feet. 


+  27  I  Sulphur  water  at  9^  ^^ 
I     700  feet:  soft  wat^' 
'     2.024  feeL 

-    4  I  Also  sulphur  water 
to  700  feet. 


15 
No  flow. 


14-6 


120 


-102 


Water  from  900  feet. 
Large  amount  of  wat^ 


•el 


8-5  i 

I 


Citv    water    works 

Water  at  1.060  to  1,226  ^^^' 
temp.,  60°  F. 

Water  from  1.180  to  I   ^  *^ 
feet:  temp.,  68°  F. 


150  I  +    9  !  Water  at  900.  1.300.  w^ 

I  1.700to2,200feet:8llgh^ 

I  saline  and  hard. 

3  wells. 


I 


60 


+  60  i 


Waukegan". 

Lasalle  Count v: 
l^salle"  .... 
Marseilles'*  . 
Mendoia"'.. . 

Do.  >6  .... 

Do 

OltRWH  '• 


1.200  'I  i  .»       II 

1.136  1  I  I  , 

1 . 600  1  > Irony  water;  3  wells. 

2.005  il  I  '  ' 


602  I 
2. 1«9  '. 

400  I. 

.S57  ,. 

470-504  '. 

400  i. 


200  I 

1 


Flow. 
47 
U 


Flow  is  from  298  feet. 


Do.  '•« . 
•aieord  . 


1,H40  I 

2.189  ' 


+  r 

At  surfjK 


rerun- 

Do 

Do.-" 

KrtiisoiM  (n«'ur)2i 
J^eiiecn-"-' 

Do.'-i 


Flows  at  187  and  037  fwC 

3  wells. 

Has  200  wells  400  feet  deej^' 
water  from  290  to  4Uit- 
feet.  ^ 

Water  from  1,640  to  1,84C^ 
feet. 

Water  from  Potsdam  l.M^ 
I      to  2,143  feet. 
lA)  I  Water  at  750  feet  also. 


1,115  ' 


'  r.  S.  (Jeol.  Snrv.  Monograph  No.  :W.  1899.  p.  597. 

-  Ibi.l..  17th  Ann.  Kept.  1895-96.  part  2.  p.  K12. 

3  Ibid.,  p.  H12;  Monojfraph  No.  38,  1899,  p.  595-596. 

♦Ihid..  p.  812;  analysis,  p.  827;  Monograph  No. 
:i^<,  1899,  p.  595. 

^Record,  ibid..  17th  Ann.  Rept.  1S95-96.  part  2. 
p.  814.  a^aly^.is.  p. 821;  Monograph  No.38,  1899,  p. 
653. 

«>  r.  S.  Geol.  .Siirv.  Monograph  No.  38. 1899,  p.  644. 

'Analysis,  Am.  Inst.  Mining  Eng.  Trans.,  vol. 
27.  p.  135. 

"  U.  S.  Geol.  Surv.,  17th  Ann.  Rept.  1895-96.  part 
2.  p.  813;  Monograph  No.  38,  1899,  p.  677. 

« Ibid.,  p.  814:  Afonograph  No.  38,  1899,  p.  677. 

"Mbid..  p.  813;  Monograph  No.  88.  1899.  p.  680. 

"Ibid.,  Monograph  No.  38.  1899,  p.  580. 

'Ubid.,  17th  Ann.  Rept.  1895-96,  part  2,  p.  814; 
Monograph  No.  38,  vm,  p.  5dQ, 


1.360  1 200 

2,300  I ' 

1.250  ' 450  I  -f-  8,5  I 

543  1  1 

(H)0-650  (.v..... v..  y/^V^//.  .][.........    2  wells. 

680  '  4    +15     Water,  which  is  hard  and 

I  sulphurous,  is  from  350 

ana  380  feet. 


1:K)       No  flow.  ,  Water-bearing  bedvS  at  .596. 
706,  8;M.  I.a56,  and  1.096 
'  1  '      feet. 

'■♦Ibid.,  p.  814:  Monogniph  No.  38,  1X99.  p. 637. 

'♦Reeord.  ni.(;eol.!-iurv..  vol.8,p..50;  r.S.Geol. 
Surv.  Monograph  No.:W,  1899,  p.f):i9. 

1* U.S. Geol. Surv.,  17th  Ann.  Rept..l89:>-%,  part 
2,  p.  815. 

'«Reeord,  Minn,  (ie«)l.  Surv..  13th  Ann.  Rept. 
pp.  55,  66. 

'i  r.  S.  Geol.  Surv. ,17th  Ann.  Rept.  '.89.5-96. part 2, 
p.  816;  Monoeraph  No.;w,1899.p.638. 

'•JReeord.  ibid.,  pp.  798.  799;  Monograph  No.  3H. 
1899.  p.  638. 

"Analysis,  ibid.,  p. 828;  Monograph  No. 38, 1899, 
p.  637. 

«> U.  S.  Geol.  Surv'.  Monograph  No.  38, 1899,  p.  637. 

«' Ibid.,  p.  641. 

« Ibid.,  p.  638. 

••»U.  S.  Geol.  Surv..l7lh  Ann.  Rept.,1895-96,part2, 
p.  817;  Monograph  No.  88, 1899,  p.  688, 
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ILLINOIS— Continued. 


Location. 


•tstille  County— Continued. 
Streator 


Do.!-... 

Vermilion*. 

e«  County: 
Amboy* 


Do 


Depth. 

Feet. 
773 

2.496 

1,000 

2,000 


Dixon  ♦ 


2.012 
1,640 
1,730 
1,810 
Do Il,  500-1. 800 


Pawpaw  5. 

Sublette 

ivingraton  County: 

Chat8worth  • 

Fairbury' 

Do. » 

Do 

Tc'Donough  County: 
Macomb 

Do.» 


fc Henry  County: 

Algonquin  w. . 

Harvard".... 

AVoodslock '«  . 

Do 

Do 

«eon  County: 

Decatur  »3 

a*1i8on  County: 

Alton 

Belhallo 


rollingvllle"*. 

^urionCountv: 

Central  la  »'*... 
»arMhalI  (>)unty 

Henry  10 

Wendna  ^« 

*^Tcer  County: 

Aledo" 


Wanlock  ..^ 

»lonroe  County. 

Columbia  1^ 

Waterloo 


Montgomery  County: 
Liiehfield'' 

Morjpan  County: 

Alexander  (near)  ^ . 

Franklin 

Jacksonville  ^ 

Do.s 


Do.a  . 
Do.«  . 


1.018 
752 

1,200 

2,002 

571 

2,002 

1,350 
1,630 


2,527 
900 

1,014 
410 
957 

507 


1.000 
575 
600 


1.300 
1,854 


3,115 


1,247 


1.010 
1 ,  o:k) 


682 

1,000 
1.200 
l.tiOO 
2,373 

2.  108 

3.028 


Diame-    Yield  per   Height  of 
ter.        minute.       water. 


Inches.   ■ 
9-7 


QaUons. 
94 


Many. 


Feet. 
No  flow. 

+  45 

Flows. 

+    3 


Many. 


Remarks. 


12-7 

1' 

90 
500 

-  41 

-  60 
-130 

I 

6-4 
12 

35-40 
15 

Flows. 
-  25 

—120 

r 

6 
3i 

32 
100 

Many. 

—  26 

—  75 

—  10 

•20 

6-4 » 
tii-5J 

85 
500 

-f  15 
-f-  10 

Coal  at  223  feet;  Are  clay 

at  286  feet. 
Water  at  460,  2,170,  and 

2.496  feet. 
Flows  begin  at  380  feet: 

water  slightly  saline. 

Temp.,  66°  to  &P:  water 
at  390,  1,100,  and  1,700 
feet. 


3  wells. 
5  wells. 


Water  at  427  feet. 


Water  from  1,135  to  1,360 
feet. 


Bad  water:  abandoned. 
41     Hard  water. 


2  wells:  mineral  water. 
Saline  water. 


2    wells; 
saline. 


'111.  Geol.  8urv.,vol.  7,  pp.  50.  r>9:  reconl.  r.  S. 
Qeol.Surv.,  17th  Ann.  Repl.,  1895-96,  part  2,  p.  798: 
analyj«is,p.821:  Monograph  No.  :W.  1899,  p.  689. 

'U.S. Geol. Surv'.,  17th  Ann.  Kept..  1895-96. part 
2, p. 818:  Economic  Geol.,  III.,  vol.  2.  p.  235;  V  S. 
Geol.Surv.  Monograph  No.  38.  1899.  p.  639. 

Mbld.,  p.  810:  Monograph  No.  38.  1899.  p.  610. 

« Analysis,  ibid.,  p. 827;  Monograph  No.  :}8,1899, 
p.  609. 

*  U.  8.  Geol.  Surv.  Monograph  No.  38, 1899,  p.  611. 

•  Record.  Economic  Geol..  111. .vol.  3.  pp.  59)>-5%. 
I U.  8.  Geol.  Surv.  Monograph  No.  38, 1899,  p.  666. 
•111.  Geol.  Surv.,  vol.  6,  p.  242. 

•Analysis,  U.  8.  Geol.  Surv..  17th  Ann.  Rept.. 
1806^96.  part  2,  pp.  808.  827;  Monograph  No.  38, 
1899.  p.  686. 

»U:  8. Geol. Surv..  17th  Ann.  Rept.,  1895-96, part 
S.  p.  810;  Monograph  No.  88, 1899,  p.  578. 


water    slightly 

Unsuccessful. 
White  sulphur  water. 


Water  at  1,200  feet:  salty 
water  from  2,300  to  2,620 
and  3.071  feet. 


Water  not  pleasant 
!  20-gallon  flow  at  80  feet 
also;  temp.,  50^. 

Oil  with  salt  water  and 
gas. 


Flow  for  gas  unsuccessful. 

For  iiHs. 

Water  brackish    at   2,310 

fvvx. 
Water  brackish  at  about 

2.100  feet. 
Wat«'r  from  1,800  aiul  3.000 
feet;  slightly  .sjilino. 
"  Ibid..  Monogmph  No.  38.  1899.  p.  576. 
>-Ibi(1..  n.  577. 

':•  Record,  Kconomic  Gool..  111.,  vol.  3.  pp..'i;i8-5:t9. 
i<  U.  S.  (lOol.Surv.  MoiioKraph  N(».38,l.H99.p.749 
•*  Record,  Kconomic  Gool.,  111. .vol.  2,pp.  138-139. 
>'»  U.  S.Geol.  Surv.  Monograph  No.:J8,1899.p.  669. 
'•Ibid..  17th  Ann.  Kept.,  1896-96.  part  2.  p.  810; 
Monograph  No.  38.  1899.  p.  622. 
>»Ibld..  Monograph  No.  38.  1899.  pp.  765-766. 
i» Record.  111. Geol. Surv., vol. 7,p. 37;  U.S. Geol. 
SUTX.  Monograph  No.  38.  1899.  p.  741. 
» U.  S.  Geol.  Surv.  Monograph  No.  ds,  1899,  p. 724. 
21111.  Geol.  Surv.,  vol.  8,  p.  67. 
"U.  8.  Geol.  Surv.,  17th  Ann.  Rept.,  1895-96,  DT* 
2,  P;814;  analysis,  p.  820;  Monograph  No.  88, 19 
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[NO.  149. 


lx>fatioii. 


Ogle  County: 

Mount  Morris' 

Polo 

Peoria  County: 

Peoria  (opp<iKite)  -. 
Do 

Perry  County. 

Pineknevville  * 

St.John^^ 


Depth. 


I   Diame-    Yield  per    Height  of  | 
I      ter.        minute.       water.      , 


Remarks. 


Do.J^. 


Piatt  County: 

Monticello  .. 
Pike  County: 

Barrv« 

Pittsfield'  ... 
Putnam  County: 

Hennepin » .. 


Randolph  County  : 
Coulterville  " 

Do 

Redbud'" 

Do.w 

Sparta" 

Do.» 

Richland  Countv: 
Olney  12 

Do 

Rock  Island  County: 
Carbon  Cliff »».... 

Do.i* 

Do 

Ea.««t  Moline 

Milan  1* 

Do.><» 


Do.. 

Moline  >■ 

Do.'r 


I'ori  Hvnm  .liinction  . 
K.H'k  IslHiul  '■ 


1).. 


St. Clair  ('«)imt\ : 
Bclk'vilh-  ;... 

!)<» 

Kast  St.  L(iui>. 


MansMi 

Ma.*iO(»uiali 

Millstadt-J  .... 
Saline  Countv: 

Eldorado' 

Sangamon  County. 

l)ivernon 

iiiverlon" 

SprinKfield -^  . . 


Feet. 


502 


Inches.    \  Galli/m.  \ 


Fed. 


2,(»8   :     Many. 


734 
1,800 

I 
2,000 
1,050 

I 
3,750 


1,100 


2,510  , 
2,200 


I 


(K)  I  Sulphur  water. 


6    ./../. ,  6  .salt  wells;   brine   #^^  ^® 

k  of  water  at  81  t   ^'^'' 


ex- 
it be- 


100  1 

I 

80  , 


35  1 


Supply  ( 
I      which     WA»    aoot^^ 
I      hausted:  salty  wat* 
I      low  520  feet.  .^...j 

;  Flow   of    mineral   ^*'*^'' 
I     al!*o. 


800  ,  4  I  80  ,  +50     Slightly      saline     vr^^^^' 

'  ;  \      temp..  58°. 

'  i  '  i 

1,117    Water  brackish. 

1 ,  201  \ '  No  ga«  or  oil  found. 

5S0  ;  3  ,  4  +    7  , 

1.350  I  4  ' 20  ' 

480 -  75  ^^Y 

840-864  1 Several  borings,  fum    ^^ 

,  I  ;      ing  a  supply  of  gas. 

2, 000  I .No  flow.     Saline  water. 

2,200  : 1 , 


915 

950    .. 

909  I.. 
1,340  I 
1,217    .. 
1,157  ' 

1,221  1.. 
l,iek>  .. 
1,028 

1,700  I 

2.368  (• 

1.3^0  ;. . 

1 ,  l.V)  ' 


H 


400 


-h  50  ;  Brackish  water  at  850  fe^ 


6  I 
1 

8-5 


240  j 

"sis' 


+  36  !  750  and  1,030  to  1,080  fe^ 


61     Water  from  800  and  1,( 
feel. 


250 
350  i 


25 

+   82 


Sulphur  water    at    abot> 
100  fwt. 

2  wells. 


4                100  -r  70 

I 
2,282  I  .H-Jg t    .'K) 

1 ,  lHi8-2,  •J\r2  ' 3  well.»<. 

H) 


Sulphur  water  at  750  aiw-^ 

980  feet. 
.Vlso  sulphur  water  at  801^ 

feel. 


503    

J32, 569  I 

1. 100    Uofxl  drinking  water,  but 

I  until  for  boilers. 

685  1 35        No  flow. 


3.053 
620 

520 


7S 
3i 


1 
Few. 


Hard  water. 


604  I Not  any Coal  prospect 

2.584  i 1 " No  gas,  oil,  fi 


Nearly  1.2(K)  i 


No  How 


or  water  found. 


>  r.  S.G.'oi  Snrv  ..Monogra  phNo.38  \s9,i  p  CQx 

-  Kcoiiotnic  (ieol..  Ill  ,  vol.  2.  p.  449 

■'U.S.Grol  Surv.  .Monograph  No.  38. 1899,  p.  77K 

<[ll.  (ieol    Suiv  .  vol.  7.  p.  38 

^Partial  rtcord  ole  .  V.  S  Geol.  S»irv.  Mono- 
graph No.  38,  l.V.»9.  p|).  772-773 

«*y\nalysis.  ibid..  I7th  Ann  Rept.,  189.5-96,  part 
2.  p.  827.  Monognipli  No  38.  1^99.  p.  719 

'C.S.  (ieol.  Surv.  Monograph  No.  38. 1899.  p  721. 

MbKt.,  p.  6,31. 

*Ibid.,  p.  7«i9. 

'"Ibid.,  p.  T(>8. 

n  Ibid..  17th  .-Viin    Kept  .  1895-96.  part  2,  p  817. 

12  111.  Geol.  Siirv.  Kt-pl..  vol.  7.  p.  8.  U.  S.  Ueol. 
Surv.  Monograph  No.  38,  1899,  p.  757. 


'3  Record,  ibid  .  vol,  s.  pp.  (Vl-65 

'♦Record,  V  S.  Geol.  Surv..  17th  Ann.  Rept., 
I^95-9^}  part,  p  M9. 

'i  V.  S.  Geol  Surv.  17th  Ann.  Kept  .  l89.V9ti,  jmrt 
2.  p   816. 

ift  Ibid  .  i>.  hl5.  analv.vis.  pp.  hOS.  827;  Monograph 
No  .{8.  1S99,  p  621. 

"  Record,  ibid.,  pp.  847,  848. 

I**  Ibid  .  p   M8    aiialvsis,  pp.  808.827. 

•«C.S  Geol.. <urv..  nth  Ann.  Kept..  1895-96.  part 
2.  p.  816.  analy*«is.  pp.  mos.  his.  record,  pp.  845-846. 

■fl'lbld..  pp.  817,  845. 

21  Ibid..  Monograph  N(».  38.  18«49,  p.  762. 

-"^lll   Geol.  Surv,  Reports,  vol.  \  p.  62. 

^Ibid.,  vol.  5,  p.  312 
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ILLINOIS— Continued. 


LocHtion. 


•liuyler  County: 
RuMhville'... 


r»lt  County: 
Winches  ter*. 

lelby  County: 
Shelby  ville.. 


SlraMburg 

Ark  County: 

Bradford 

Lxewell  County: 

K&st  Peoria'., 


Fel£in3  . 
I»o.. 


\V)i«ihington  Heights . 
i-^r-milion  County: 

Danville* 

Danville  Junction ^. . . 


RiHwville'^ 

*«.lja«<h  County: 

l^aneaister  • 

Blount  Carmel*. 
**.  rren  County: 

Alexin 

Monmouth  « 


r>o... 
l)o.>«'. 


Do.n- 


Do 

Roseville 

i*iteC<iunty: 

Carmi 

*^iteside  County: 

Kulion»« 


Do 

Morriwn  '^ 

.Slerling'* 

Do 

♦^  111  County: 

Braid  wood  »*  . 


Joilet"* 

D«».«' 

Do.  »* 

iK).''J 

Do 

Do 

DoJ5 

luv.-kport 

WilmiuKton  ^  . 


no«tii       !  Diame-  I  Yield  per'  Height  of 


Feet. 
2,500 


412 
1,200 

704 
2, 4M 

734 

M.T0 
1.000 

1,308 

1,149 
2,008 


Inches. 

ClaUons.  j 

Feet. 

-f  25 

6 

1 

1 

FIowM. 

8-6 

Many. 

-175 

Remarks. 


Water   has    unpleajttint 
taste:  discontinued. 

Water  from  350  feet. 

Water  is  saline,  and  from 
6*25  feet. 


Brackish  water  at  317  and 
734  feet. 

Salt  at  500  feet. 

Salt  water  at  425  feel: 
lower  water  strongly 
sulphurous;  temp.,  70^. 


I 


I BraeklMh  water  at  1 ,700  to 

1      1.735  feet. 

500  ' Coal  boring. 

i 

+.H00  a    '  For  oil:  unsuccessful. 

700    ;  Bored  for  oil. 


1.200 
l,2:i2 


1,400 
1.2:«) 


l,-227 


1,221 
1,260 


1,246 

1,214 
1,190 
1,450 
1.500 

900 


477' 
1,200 
1.700 
2, 076 
2.  :i00 
,19t>-2.  140 
1.94H 

553 
1,921   I 

6;;5 


210 
20(» 


Many. 
300 


Flows. 

+  61 


:  +  15 

350    At  surface. 


No  How  water:  no  gas;  no 
oil. 

Water  from  1,074  to  1,230 

feet. 
Water  at  9:i5  and  from  1.074 

to  1,227  feet:  two  wells. 


First  flow.  475  feet;    .sul- 
phur water. 


Well  not  in  use. 


Maiiv. 

500 
500 


At  surface.  Water  from  a  porous  sand- 

I  stone  at  655  to  a55  feet. 

I  the  lower  45  feel  being 
in  limestone. 
Flow.s. 

2  wells. 

4-  10  Temp..  45°. 
+  10 


5  wells. 


Jstnlt'  penitentiary. 


^  M'.  S.  Geol.  Surv.  Mon<>graph  No.  :is.  l.sw.  p. 

'^bU].,  p.  722. 
Mbid..  p.  691. 

♦Record,  U.  S.  Geol.  Surv.  Folio  .\o.  67. 
'Ibid..  Monograph  No.  :w.  1M«J9.  p  6W,  record, 
r.  8.  cJeol.  Surv.  Folio  No.  67. 
Mbid.,  p.  699 

•  Record.  E.conomi(?  Geol..  111.,  vol.  3.  pp.  ')8-(i0. 
^Record  in  part.  ibid,,  vol.  3  pp  3S6-:i'<7. 
•Record,  III.  Ueol  Surv.  Kept.,  vol.  s.  pp.  62  66. 
»"Rec<:»rd,  IJ    S.  Geol.  Surv..  I7ih  .\iim.   RrpL. 
l«»5-96,  pan  2  p.  848.  analvsis.  pp.  Ki>«.H-27. 

"  Ibid.,  p.  818:  analvhis.  pp.  Has.  s.'7   Morntgrapli 
No.  :J8,  1899.  p.  678 

"I'.S.  Geo!  Surv.   17th. \ini   Kept.  lH«j5-9«i.  part 
2.  p.  813;  Monograph  No  38.  1899.  p  615. 


i 46     Sulphurous  and  magnesia 

.  wati-r  from  400  toCA'ifeet. 

>*  Ibid.,  Monograph  No.  ;iS.  1899.  !>.  616. 

i<  .Viuilvsis.  V.  S.  (icol.  Surv.,  17th  Aim.  Kept., 
1S9.V96  part  2  p.  S'2H.  Monograph  No.  iis,  1S99.  p. 
616-617. 

'••r.  s.  (Jeol  Surv.  Monograph  No.  :i8,  1899.  p. 
('.."lO. 

'"  Rci'ord.  Kcoiiomic  (k-ol..  111.,  vol.  2.  pp.  482. 
4H7.  r.  S.  (ieol.  Surv.  Monograph  No.  38.  1M99.  p. 
619 

'Jr.  S.  Geol.  Surv.  Monograph  No.  38.  1899.  p. 
619. 

'Mbid.,  nth  Ann.  Kept  .  189.V96.  parti,  p.  814; 
analy.sis.  p.  821. 

•"Keconl,  ibld..pp  799.814.  Monournph  No.  38, 
1899.  p.  6,'i0. 

«'Ibid..  17th  Ann.  Kept.,  1895-96,  part  2,  p.  818; 
Monograph  No.  38,  i899.  p.  650. 
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[so.  lift. 


L.^1 


liooation. 


Williamson  County: 
Marion 


Winnebago  County: 

Hnrlem 

Rookforcii 


Do.« 

Woodford  County: 
Mlnonk* 


I\)t«dara. 

Review . . 

Do... 


Depth. 


Feet. 


1.047 
1,300-1,996 


Diamc-    Yield  per  Height  of 
ter.      ,  minute.       water. 


Inches.   '  Oallons. 


Feet. 
Flow. 


S-6       116-260 


400 
1,756 


l.SOO 
1,400  I 
1.233  I 


100 

Many. 
208 


-H     8 


-149 


rA 


Remarkfu 


Forgaaandoil;  iralpht*^'"* 
and  salt  water  four**^' 


5  wells;  water  from  5a^^«rtj 
400  feet  and  1 ,200  to  :^    ' 
feet. 


Moderately  hard 
750  feet  and  at 
1.700  feet. 

Temp..  62°. 
Sail  water  from  600  to  1 
feet. 


.0* 


UT.  S.Geol.  8urv.,  I7th  Ann.  Kept.,  lK9fV-96.  part 
2,  p.  816.  analysi.v,  p.  82S. 


xAnalviOs,  ibid.,  p.  828. 

5  U. S.  Geol.  Surv.  Monograph  No. 88.  IRi9.  p.  6"^ 


PRINCIPAL  PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN 

ILLINOIS. 

Illinois  (.tet^lojjii'al  Survey,  Report**  on  Geok>gy  and  I^alapontology,  volumes  5, 187-^  ^^^^ 
6,  1875;  7,  188:^,  and  8,  1890. 

Ki\)noiuical  Gei>logy  of  Illinois,  by  State  gei>logist,  volumes  2  and  :i,  Springfielc^^^^ 
1882. 

The  water  resouriH?s  of  Illinois,  by  Frank  Leverett:  United  States  Geological  Surr^^  ^ 
vey  Seventeenth  Annual  Rej>ort,  1895-96,  part  2,  pp.  695-849,  plates,  Washington^*^^ 
189t>. 

Wells  of  Illinois,  by  Frank  Ix?verett:  Tnitetl  States  Gei>logical  Survey  Monograpl^'^ 
No.  :V^.  18^)9,  jia^^es  55(>-7S7. 

r.  S.  iuH^l.  Surv.  Folio  No.  67  (Illinois-Indiana^,  by  M.  R,  Campbell  and  Frankr^^' 
IwevertMt,  Wasliington.  19lX). 

ixni.WA. 

The  numor\nis  dtvp  Ix^rinvrs  in  Indiana  an'  for  oil  or  iras.  but  a  few  of  them  yield 
water  supplu^.  Tlu*  wolls  an*  in  jmni|v<  or  "disiriot^,*  t>llen  many  square  miles  in 
extent.  WIumo  liH-jilitii^s  ^lvon  in  the  following  list  an'  in  di.<t riots,  only  representa- 
tive wells  an»  desi  riUsl.  l\^r  it  would  not  Iv  praoiioable  lion*  to  list  all  the  individual 
wells,     in  i^>ino  Uv'aliiies  new  wells  are  ivnstantlv  Ivini:  sunk. 


lAX-^tu^n 

1XT»>^ 

/Vrt. 
l.AV 

lM*nu^ 

UT 

viater. 

Remarksi. 

lV^*tKr-  ■   

AV.vr.  i\v.:r.  \ 

For  If  as;    an<iucoesKful: 
sail  water. 

^4  «eU$  at  watenrorkSw 

l.*,vi 

For  jeas;    unsocceivful; 

mixHTti  water. 
For  ir«5.  oitfocceseful. 

t\^.  r.-/.t ••->  •    

Ga.<  v^^l. 

>  ..':^N:.-:sur.  .... 

IVv 

H*":^^>-    . 

IVv 

>  :r\     ii^.  Ar.;;   K*',^i     ;s>c\  v.    :.V  ..'i. 


V-.V  .  <r.rr  .  :i;h  Attn.  ReiiC.  1S8»- 
.    >:^  Ann   Kef4-.  l^»Mi^.  part  4, 
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Location. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

GaUoM. 

Height  of 
water. 

Fret. 

Remarks. 

*?nton  County: 

Earl  Park 

1,000 
637 

900-1,000 

975 

808 

1,360-1,840 

1,600 
1.038 

800 

600-630 

*     H40 

914 

1.200 

923 

928 

947 

1,316 

1,386 

±1,100 

860 

934 

+1,075 

1.600 

-H    926 

1.028 

960-1.216 

936 
1,266 

1,446 
1,106 
1.08? 

700 

887 
W8 

1,180 
1.000 

Inche$. 
6 

Abandoned. 

Oxiord  (5  miles  soath- 
west). 
lack  ford  County: 

Hartford  Cityi 

Over  1,000  wells  for  oil  and 

MontpeUer< 

Flows. 

gas  in  the  county. 
Gas  well;  hard  water. 

Do 

r>one  County: 

I.jebanon  • 

Several  wells;  saline  wa- 

Thomtown  

6 

5 

Flows. 
-488 

Flows. 

Flows. 

ter  at  400  and  1.360  feet. 
For  gas;  unsuccesMful. 

Zionsville^ 

For  gas;  unsuccessful;  salt 

I>o 

water  at  1.013  feet. 
For  gas;  unsuccessful. 

r«jwn  County: 

Nashville 

2  wells. 

arroll  County: 

Oeer     Creek     (one-half 

6-4 

Oil  at  826  feet;  sal  tor  min- 

mile wonth). 
r>elphi4 

eral  water  at  833  feet. 
For  gan;  nnsnccessful. 

Do 

r><^lphl  (2  mile«  Bouth- 

wesit).i 
Uelphi  ( northeast) 

r>elphl     (southeast,    at 

water  tower). 
Delphi  (southeast) 

r>elphi  (northwest) 

IHora 

fr-4 
6-4 
6-4 
6-4 
6-4 
6-4 

Salt  or  mineral  water  at 

923  feet. 
Salt  or  mineral  water  at 

Flows. 
Flows. 

928  feet:  also  oil. 
Salt  or  mineral  water  at 

922  feet;  also  oil  and  gas. 
Salt  or  mineral  water  at 

898  feet;  also  oil  and  gas. 
Salt  or  mineral  water  at 

923  feet. 
Salt  water  at  1,040  feet: 

»-«»  County: 

Oalveston  • 

also  oil. 

Do 

Salt  water  only. 

liOminsDort ' 

2 

Flows. 

Several    boring   for  gas; 
unsuccessful:      sulphur 
water. 

Do  ..           

Hoyal  Center  • 

Oil  wells. 

M'allon 

Salt  water  and  some  oil. 

*^fk  County: 

JefTersonvllle* 

For  gas;  unsuccessful. 

*^y  County: 

Carbon  (2  miles  south).. 
Do 

Not  successful. 

10 

-  40 
-600 

Good  water  at  3.10  feet. 

''iTiton  County: 

Frankfort" 

Salt  water  at  1.200  feet. 

Frankfort  (4  miles  ea>it) . 
Klrklin 

For  gas;  unsuccessful. 

3 

8 

11 

8 

+  36 
+  50 

-r^wford  County: 

English  (8  miles  south).. 
Do      

EnKlish,  Clark  well '».... 
Mifflm"           

Gas  at  408  feet;  salt  water 

at  648  feet;  some  oil. 
Some  oil  at  13.T  feet  and 

^^^rbom  County: 

Aurora'* 

some  gas  at  1,1X0  feet. 

Brackish  water  at  196  feet, 
brine  at  831  foot,  and  gas 
at 267  feet. 

Gas  wellf*. 

Do. 
Numerous  gas  wells. 
.*^i'veml  gas  wells, 
(5 as  well. 

iMwrpncehunr  .... 

"ecatur  County: 

Adams     

±     800 

H62-886 

1.000-1,100 

Grecnsbunr  " 

Millhousen     

6 

St.  Omer 

Sandusky  

830 

6 

-  i5 

'  Record,  U.  S.  Geol.  Surv..  11th  Ann.  Kept.,  1889- 
90,  part  1,  pp.  678-681. 

•Ibid.,  p.  680. 

'Ibid.,  p.  730. 

Mbid.,  p.  731. 

•Record,  Mich.  Geol.  Surv.,  1881-1893,  p.  64,  pi.  14. 

•Record,  Ind.  Geol.  and  Nat.  Hist.  Surv.,  19th 
Ann.  Rept.,  1894.  p.  39. 

•Ibid.,  p.  88;  U.  S.  Geol.  Surv..  11th  Ann.  Rept.. 
1889-90,  part  1,  p.  732. 


H'.  S.  Geol.  Surv..  nth  Ann.  Rept.,  1889-90,  part 
1,  p.  732. 

^•'Rocord,  ibid.,  p.  724. 

>» Record,  Ind.  Geol.  and  Nat.  Hist.  Surv..  17th 
Ann.  Rept.,  1891.  p.  311. 
"  Ibid.,  pp.  311-312. 

'2  Record.  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889- 
90.  partl.p.  7a6. 
"Ibid.,  pp.  703-704. 
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Location. 

Depth. 

+  1.933 

(KK) 

2, 139 

Diame- 
ter. 

Yield  per 
minute. 

(ialUms 

Height  of 
water. 

/Vrt. 

Remarks.          1 

■ 

Dekalb  County: 

Auburn 

Gas  wells. 

Hard  water. 

For  gas,  unsuccessful:  fill 

water. 
Small  gas  well. 
Gas  well. 

Do. 
Oil  in  small  quantity. 
Gas  well. 

Do. 

Do. 

Do. 
Numerous  wells  In  win- 

ity. 
Brine  at  1.390  feet 
Oil. 
Gas  well. 

Do. 

Do. 

Do. 

Do. 

Butler 

• 

Do.  » 

Garrett 

Waterloo ....           

Delaware  County: 

Albany* 

Do 

Cowan 

97H 

l,2tJ2 

+     935 

+     «70 

8-6i 

Daleville 

Desoto 

Eaton  3 ' 

Muncie* 

870-955 

l.GOG 
1,243 

Do.  ft 

-506 

Do 

New  Corner 



Oakville 

Koyerton 

Sclma^ 

1,025 

Shideler 

Union  Grove 

944 
940 

1,100 

+            616 

2.069 

S51 

Do. 

Yorktown 

Do. 

Dubois  County: 

Jasper        .        

8 
5i 

Saltwater  at  460  feet,  ^' 
at  600  feel,  oil  and  mm 
eral  water  at  955  (eet. 

For  gas;  unsucc^sful:  s&\\ 

Elkhart  County: 

Elkhart  7 

Flowed. 
Flows. 

Goshen  * 

water  at  550  feet. 
For  gas;  unsuccessful;  *" 

Fayette  County: 

Connorsville  * 

8 

water, 
(ias  well. 

Floyd  County: 

Boone  Landing 

<jas  wells. 

New  Albany ' 

For  gas:  unsuccessful. 

Tol>asso  Landing i < 

(Jas  wells. 

Fountain  Countv: 

Attiea *. 

900 
1,000 

1,155 

i.2r>i 

590 

1,150 

1,0S9 

1,1S5 

5(K) 

1.157 

1,500 

Am 

GOO-790 

1.274 

122-1.020 

500-1,000 
l.(M5 

»i:r) 

Flows. 

Sulphurous  water. 

('ovinglon  (3  miles  be- 

low). 
Lodii"> 

10 

:J5 

r43 

For   oil:    yields   miner*' 

water. 
Gas  wells. 

FrankHn  ('ounty: 

Brook  ville     (4     miles 

south)." 
Mount  C^armel   (1   mile 

west).>2 
Fulton  County: 

Fulton  

Salt    water    onlv:     abai 

Kewrtiina  '•' 

--M 

doned. 
For  ga*i"  unsuccessful 

R<H'lu'ster''.   , 

Do. 

Do 

Many. 

4-   5 
15 

Sulphur  water. 

Salt  water  at  1.157  feet. 

Water  f1(  wee  jit  210  fee 

Rochester    (U    miles 

south). 
Ii(M'hester 

Gibs(»n  (ounty: 

Fort  Rraiich  '< 

well  ahuudoned. 

rriucetoii 

.Several  wells. 

Do 

8- J 

.......... 





Do.  '^ 

Do. 

Grant  County: 

Fairmouiit '•'•  

(Jas  wells. 

liorhst  station 

tiiiN  well 

Jonesboro  '^ 

Do 

Marion  '• 

+8(15-1,010 

4 



Flow. 

Numerous  gas  wells;  .sou 

yield  oil. 
(Ja>  well. 

i'oinl  (Jabel 

1  Record.  1'  S.  (;eol.Surv,,llth  Ann.  Rept.,  IHS'j- 
90.  part  l.p  738. 

-Ibid.,  p.  715. 

aibl(l.,p.713. 

Mbui..  pp.  71:^-71 1>. 

«i  Ibid.,  p.  731. 

"ir.id..  pp  715-7H;. 

"  Ibid..p.7:i.'^.  Mieh.  (Jeol.Surv,,  1881-1893.  p.  57, 
pi.  17. 

-  V.  s.  Gt'ol.Surv,.llth  Ann,  Rept..  1889-90.  part 
1,  p.  7:^«->.  Mich.  Geol, Surv..  l.S8l-l893,  p, 60,  pi.  19, 

"Ibid.  p.  721. 


1" Record,  Ind.  (ieol.Surv..  1st  Ann.  Rept.,  186' 
pp.  29  31. 

"Reconl.   V.  s    (Jcol.  Surv,  lllh  Ann.  Rept 
18H9-90.  par!  1.  p.  707. 

i-'lbid..  Folio  No.  1()5.  1904   p.  H. 

"Ibid.,  nth  Ann.  Rept..  ls.s«i-tM), part  l.p.733. 

i<  V.  S.  Geol.  Surv.  Foln)  No.  10.'\  VMM,  p.  8. 

'•'Record,  ibid..  Uth  Ann.  Rept..  1889^-90,  part 
p.  f»k> 

^''ibid..  p.  68M, 

"Ibid.,  pp.  685-687. 
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Location. 

Depth. 

Fut. 
1.000 
537 

900-1.000 

975 

808 

1,360-1,840 

1,500 
l.(»38 

800 

500-530 

-^     WO 

914 

1,200 

923 

947 

1.315 

1.385 

±1,100 

860 

934 

+1,075 

1.600 

+    925 

1.028 

960-1,216 

936 
1.-255 

1,446 
1,105 
LOW' 

700 

887 
t>48 

1,180 
1,0(10 



±     800 

S62-8S<5 

1.000-1,100 

Diame- 
ter. 

Inches. 
5 

Yield  per    Height  of 
minute.        water. 

Galiont.         Feet. 

Remarks. 

Benton  County: 

EarlPark 

Abandoned. 

Oxford  (5  miles  nouth- 
weat). 
Blackford  County: 

Hartfbrdatyi 

1 

Over  1,000  wells  for  oil  and 

MoDtpelier< 

Flows. 

gas  in  the  county. 
Qas  well;  hard  water. 

Do 

B^woe  Ccwnty: 

Lebanon'              

Several  wells;  saline  wa- 

Thomtown  

6 

5 

FlOWH. 

-438 
Flows. 

FlOWH. 

ter  at  400  and  1,850  feel. 
ForKss;  unsuccesNful. 

ZioMville" 

For  gas;  unsuccesKful:  salt 

Do 

water  iit  1.018  feet. 

Brown  County: 

Naahrille 

2  wells. 

Carroll  County: 

Deer   Creek     fone-half 

6-1 

Oil  At  825  feet;  salt  or  min- 

milemuth). 
Delphi^ 

eral  water  at  8S3  feet. 
For  gas;  unsucci'SMful. 

C:::*::::::::.:.::: 

1 

Delphi  (2  miles  scnith- 

we*t).i 
Delphi  (northeast) 

Delphi    (southeast,    at 

water  tower). 
Delphi  (Houtheast ) 

Delphi  (northwest) 

Flora 

6-4 

Still  or  mineral  water  at 

6-4 
(>-4 
6-4 
6-4 
6-4 

923  feet. 
Salt  or  mineral  water  at 

Flows. 
Flows. 

928  feet:  also  nil. 
Salt  or  mineral  water  at 

922  feet;  also  oil  and  gas. 
Salt  or  mineral  water  at 

898  feet;  also  oil  and  gas. 
Salt  or  mineral  water  at 

923  feet. 
Salt  water  at  1,040  feet: 

Ca»  County: 
Galveston* 

also  oil. 

Do                  

Salt  water  only. 

Logansport ' 



2 

Flows. 

Several    boring  for  nw; 
unsuccessful:      sulpnur 
water. 

Do 

Roval  C!enter  ' 

Oil  wells. 

Walton 

Salt  water  and  some  oil. 

Clarlt  County: 

Jeffersonville* 

For  gas;  unsuceessful. 

Clay  County: 

Carbon  (2  miles  south ) . . 
Do.                     

Not  successful. 

10 

-  40 
-600 

(iood  water  ut  d.^  feet. 

Clinton  County: 

Frankfort  =•            

Salt  water  at  1,200  feet. 

Frankfort  (4  miles  eart). 
Kirklin.            

For  gas:  unsuccessful. 

Crawford  County: 

English  (8  miles  south) . . 
Do 

3                 11 

8                    8 

+  85 
+  50 

English.Clark  well »".... 
Mifflin"     

Gas  At  408  feet;  salt  water 

At  fr48  feet:  some  oil. 
Some  oil  at  135  feet  and 

Dearborn  County: 

Aurora'*                  

some  giis  At  1,180  feet. 

Brackish  water  at  195  feet, 
brine  at  831  feet,  and  gas 
at267fwt. 

(ias  wells. 

Do. 
Numcnuis  gaS  wells. 
S^'VtTHl  gas  wells. 
^Jas  well. 

^   Lawienceburg 

Decatur  County: 

AdamiF 

Qreensburgi* 

Millhonsen             .     .  . 

6 

i 

St.  Omer            

1 

Sandusky 



830 

6 

-  15 

' Record,  U.S.Geol.Surv.. nth  Ann.  Kept.,  188<>- 
»,part  1,  pp.  678-681  • 

«Ibid.,p.6». 

'Ibid.,  p.  780. 

•Ibid.,  p.  781. 

•Recortf,  Mich.  Geol.  Sur^-.,  1881-1898,  p.  54,  pi.  14. 

*Reoord.  fnd.  Geol.  and  Nat.  Hist.  Surv..  19th 
Ann.  kept..  ISM.  p.  39. 

nWd..  p.  88;  V.  8.  Geol.  Surv.,  11th  Ann.  Kept.. 
18»-»,partl.  p.  782. 


'  r.  .S.  <ieol.  .'^urv..  nth  Ann.  Kept..  1x89-90,  jiart 
l.p,732. 

'•'R«-<'ord,  ibid.,  p.  724. 

>"R«Mord,  Ind.  (Jeol.  and  Nat.  Hist.  Surv..  17th 
Ann.  Kept.,  1891.  p.  311. 

"  Ibid.,  pp.  311-312. 

•"  Reftorcl.  T'.  .S.  (Jeol.  Surv.,  11th  Ann.  Kept.,  18W- 
90,  F»art  l.p.  7a5. 

»*  Ibid.,  pp.  708-704. 
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Ixal 


INDIANA-Continued. 


Looatlon. 


Jackion  Coanty— Conrd. 

Seymoufi 

Do 

Janper  COantj: 

Rensselaer 

Do 

Jay  County: 

Bryant 

Camden 

Como 

Dunkirk 

Hartford 

MillgroTe 

Portland* 


Red  Key 

Do 

Jefferson  County: 

Madison* 

North  Madison. 
Jennings  County: 

North  Vernon*. 


Vernon 

Johnson  County: 

Edinburgh... 

Franklin*.... 

Greenwood... 

Do.* 


Trafalgar 

Kosciusko  County: 


Leesburg. 


Warsaw* 

Do.» 

Lake  County: 
Crown  Point*. 


Dei»th. 


.09^1,204 
600 

800 
1.275  I 

l.OfiO  • 


DIame-  iYleld  per 
ter.        minute. 


Inehei. 


GaUoM. 


Height  of 
water. 


Flows. 


Do.»... 
Hammond  , 


Do 

HartHclale 

Laporte  County: 

LacroHKe   (8  miles 
tant). 

Luporte 

Michigan  City 


±    925 

±    925 

900-1,500 

-I-    900 
1.885 

1.004 
1,500 

±1,400 


1.588 

1,118 

600 

1,975 


1,600 

1.800 

700 

1.487 

1,365 

3,100 

1.842 

1.917 

.700-1,900 

735 


Remariw. 


Serersl  gas  welK 
Sulphur  water. 

Do. 
Qas  boring:  not  in  w 


.1. 


.1. 


Oil  well; 

I  Gas  wells. 

I  Gas  well. 

I        Do. 

I         Do. 

!         Do. 

-300    Gas  wells:  sslt  wati 
j  I     1,500  feet. 

I ■ I  GaH  well. 

8-611 ! .....|  Oil:  gas  at  960  feet. 

For  gas;  unsui*ren(u! 


r 


I 


Many. 


-700  ! 
-auo  ' 


♦:260  !  Gas  boring:  unsuece 

salt  water. 
'  For  gas;  unsuccessfu 

-  83  I  For  gas:  salt  water  o 

1  Gas  well. 

Water  from  320  feet. 
For     gas:     unsucce 
water  at  1.840  and 
feet. 
Dry  well. 


-  45 
-240 


-387 


For  gas;  umtucossfiil 
Salt  water. 


-120  I  For    gas:      unsocc< 

i     Salt  water. 
Not  successful. 

2  wells. 

'  Several  wells. 


diM- 


AtHUrfacc.    Good  water. 


Michigan  City  (1  mile 
west).'" 
Lawrence  County: 

Bedford 

Mitchell 


Madison  County: 
Alexandria . . . 
Anderson"  .. 


81U-833  ; 
541 


300  I 


1,050  '. 
+1.200  '. 


ao 


Do." 

Chesterfield »». 

Elwond , 

Flonda 

Frunkton 

HuntMville  ... 

Lapelle 

Marklevllle.. 
Pendleton  ".. 
Perkinsville.. 
Summitville.. 

Do 

I)o.»» 


881 
HOO 

800-900 ; 

948  , 
±    936 


H40  ' 


972 


For  gas:  unsucce<«fi 
Temp.,  67°     Sulphu 
ler. 


For  gas:   oaline  wa 
1,200  feet. 

GH.S  wells. 

Water,  mineral;  clt; 

ply  in  part. 
Gus  wells  in  viciniij 
(Jas  well. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 


» U.  9.  Geol.  Surv.,  11th  Ann.  Kept.,  1889-90,  part 


l,pn.  726-?27. 


,  p.  681. 


Reconl.  Ibid., 
« Ibid.,  p.  ?23. 
<  Ibid.,  p.  728. 
»Ibid.,  p.727. 
•Ibid.,  p.  789. 
»Ibid.,  p.786. 
•Ibid.,  p.  734. 
•Borings  preserved  in  county  auditor's  olBce. 


1,000  1  8-6  I Atsurface. 

971    ' '         Flow.«.Ga.s  well,  water  at  14 

>" Record.  Ind.  Geol.  and  Nat.  Hist.  Surv 
Ann.  Rept.,  1X91.  p.  ilh:  V.  S.  Geol.  Surv. 
Ann.  Kept..  1896-97,  part  4.  p.  491. 

"  U.  8.  Geol.  Surv..  18th  Ann.  Kept..  1896-ff 
4,  p.  487. 

"Record,  Ibid.,  nth  Ann.  Rept..  1889-90,  i 
pp.  711-713. 

^•Ibid.,  pp.  709-718. 

M  Ibid.,  p.  710. 

»»Ibld..  p.  709. 
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tion. 

Depth. 

1,200 
456 
47« 

1.181 

+    950 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Feet. 

RemarkK. 

1 

Inehn. 
• 

Oallons. 

Gas  well. 

d 

—  15 

H^TPral  wAlla 

8 

139 

-   eo  '  RAilroftd  well. 

8ome  gas.  oil.  and  salt 

water. 
Gas  wells. 
Salt  water. 

Do. 
Gas  well. 

ale 

a^:::;:::::::: 

-4-1. U!» 

lis 1       9fiO-1.03tt 

1,520 

990 

l.Ol.S 

1 



-3i5 

lies  north)'*  .. 


on  '■■ 


!onntv: 
dlle»»  . 


fe. 


Me  . 


-»-i,:J6« 

1.200 
9()0 

940 
'  1.004 

200-4:« 

yoo-950 

«K)0- 1.050 
1.042  i 
\)M  ' 

2,730 
1.514 


1,472 
6(»8-704 
±  500 
±1,500 

1,666 


-46X     For  gas:  unsuccessful. 


FlOWH. 


ikime  suit  water. 


I 


Salt  water  at  385  feet. 
Forgax:  unHUceessful:  salt 

water. 
Hard  water;    brackish 
water  at  4:i5  feet. 

Gas  wells  in  vicinity. 

To  surface.    Boring  for  oil  and  gas. 
-  50  I  Salt  water  at  1.042  feet. 

Gas  wells:  flow  of  water 

alwi. 
Do. 


No    good    water:    aban- 
doned. 


1,486 
1,200 
1,325 


1,911 

+  i.in»o 


30-:« 


Flow. 


Nearly  to 
nurlace. 


92(5  i Manv.  i 

l.loO  4  200 


l,r»7n 
1,7(H) 


2.  u;9  ■ 
7'H) 


For  gas;  unsuccessful. 
Sulphur  water  at  750 
feet. 

For  gas. 

6  wells  of  mineral  water. 


Gas  liorings:  fresh  water 
al  70  and  490  feet;  saline 
water  at  1,100  feet. 


For  gas:  unsuccessful. 

Do. 
Do. 

Sulphur  water  at  i.W  feet: 
salt  water  at  900  feel: 
lilhia  water  at  1 .000  feet. 


+  'M)     White  sulphur  water, 
-f  f).')     Several     wells:     saline 
water. 

+  115     Water  at  450  and  1,100  to 
1,200  feet. 
Rises  to     Salt  water  at  300  and  450 
surfa<'e.        feet:    sulphur  water  at 
1.200  feet,  which  rose  to 
*  100  leet. 
, For  gas;  unsuccessful. 


-150     Water  and  oil. 


Blue  lick  water. 


1,2m)  i Gas  well. 


.  S.  G(M)I.  Surv..  11th   \\u\.  Kept., 
d.  (ieol.  Mini  Nat.  lli>t.  Surv.,  isx-V 

p.  ;«i. 

.  S.  (Jrol.  Surv..   Illh   Aim.  Kept.. 

.1).  ;:iv 

id.  Geo),  and  Nut.  Hist,  siirv..  IT.th 
►.  1><6.  187. 

.  Surv..  11th   Ann.    Hrpt..  IHsy-U(). 

091. 

id.  Geol.  and  Nat.  lli.st.  Surv.,  Itith 


Ann.  Kept..  INW,  p.  184:  V.  S.  (iwl.  Surv.,  11th 
Ann.  Kept..  1^89-90.  part  1,  pp.  732-733. 

•'Ibid.,  pp.  1K^>.  '2r^\ 

»It)id..  p.  1S7. 

i"lr»ld..  I5ih  Kept.,  1885-86.  p.  332. 

"Record.  V.  8.  Gi*ol.  Surv..  Uth  Ann.  Kept., 
part  1.  1^89-90.  p.  729. 

'-  Record  and  analysi!^.  ibid..  18th  Ann.  Kept.* 
I89i.-y7.  part  4.  pp.  490,498. 

1'  Record,  ibid..  11th  Ann.  Kept.,  18H9-90,  parti 
p.  737. 
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INDIANA— Continued. 


Pike  (.'ounty— Continued. 
IVteraburK  (o n  e -  h  a  1  f 

mile  eH«t). 
Petersburg  (2i    ra  i  1  e  h 

nortlieiist). 
Petersburg  ( o  n  e  -  h  h  1  f 

mile  north). 

Petersburg  (1  mile  north) 


Rogers 

Porter  County: 

Furnessville    (*2     miles 
northeast).' 

Hebnm 

Vulr»araiso2 

Do." 

Pulaski  Coinitv: 

Francesville 

Medary ville    (6  miles 

west).-* 
Winamac 


Do 

Putnam  County: 

Green  castle  . 

Do 


Do 

Reelsville  (near). 


Do.'' 

Randolph  County: 

Farmland  0 

Ix>sant  ville 

Parker  (1  mile  nortli)  . 


Depth.      I 

Fed.        \ 
1,310  ' 

1,200 

1,200 

1.700 
1.7H5 


Diame-  Yield  per:  Height  of  I 
ter.      I  minute.  1     water.     1 


Remarks 


Incfu'8.    I  (w'aUons. 


10-6|; 

10-4  !. 
iO-ll  . 


1.344  . 
l,33ti  ' 


-f     890 
1.030 


1,200  I 
1.250  I 


45 


1,200  I 

2,000-2.700  i 

I 

2.750  L 

2.600  ;. 


H-4 


Many. 


1,2^0 


Feet. 

Flows.  I  Salt  water  at  aX) and  1,SN 

i  feet. 

-  m  ,  Salt  water  at  eOO  feet 

Flows.  1  Fresh  water  at  100  feet:  | 
;      saltwaterattiOOf«et;oa 
I      at  1.200  feet 

Fhiws.  I  Fresh  water  at  700  leet 
some  oil  at  l.'iOO  feet 


^  18  I  Several     flows:    axiFbnr 
I      water  at  370  feet 

I  For  gas:  unsuccenM. 

I  Gas  well. 

For  gas;  unsuccearfoL 


Oil  and  gaa:  unmeeoriul 
Salt  water  and  OH/ 


Flows. 


Flow. 


Flows. 
{    20 


For     gtin;     unsucws^al: 
flow  of  w^ater  also. 


For  gas;  unsuccessful. 
Several  borings;  water  a^ 
several  horizons. 


.*>ulphur   water:    no 

temi»erature,  60**. 
Salt  and  sulphur  water- 


W- 


1.017  , i (JaMwell. 

1 .  105 For  gas;  unsuccessful,  ^^^v. 

Sulphur  water  at  '&0  ^^^^^v 
salt  water  at  900  f w^.  \ 
lithia  water  at  l.OOOfe^?^^  1 

Ridgeville 981-1  ,^\or^  i i G&a Iwrings;  unsuccessfi^^^ 

Cnion  City" ,  1,093-1,780  ! ; Several   borings  for  ga -^^^ 

I  1  unsuccessful. 

Winchester'^ i  1. t)0(»-l. 071 |  Sever»il  gas  wells. 

Ripley  County:  |  ,  '  I 

< )s|yr(KKl I  950  5    ' I  (Jas  boring:  small  supply 

IMerceville i  965 ' i  For  gas;  unsuccessful. 

Rush  ('ounty:  i  '  | 

Cart hagi- " | Gas  near  1.2.57  feet 

< ;  U*n woo<l 1  -f-    950 For  gas;  unsuccessful. 

Milroy i ...  — i)o. 

Rush  ville  and  vicinity '".i i Gtus  wells. 

St.  Joseph  County:  ;  ,  '  j 

Soul h  Ben<l  " 1 .  670 ' !  t\>r  gi\»:  unsuccessful. 

Do 2. 000  , 

Shelby  County:  ,  ■  i 

Morristow'n '-' 921    121     Gas  well:  much  salt  water. 

St.  Paiil J  4-     820 Gas  well. 

Shelby  vilk'i' ^ ;  For  gas:  unsuccessful, 

Waldron  

Spencer  County: 

Roi'kport  .". 

Starke  County: 

Knox I  1  1,5<K)    Horings  for  gas  or  oil.  un- 

Sullivan  Couiitv:  i  I  successful. 

.Sullivan i  l.(KK)    ;  15     (Jas  lM>ring;  much  strong 

I  brine. 

l.()(K)    ,         Flows.  , 


+     820 Cias  well. 

-'r     ICO 1  Kas  iMirings.  nopHMltict. 


Sullivan  cJ  miles  south- 
east ) . 

Sullivan  1* 

Tippecanoe  Count  v: 
I^favettc '•'...'.... 
Do 


514 

410    

1,000    Gas  well. 


'  Record,  V .  S.  (icol.  Surv..  Water-Sup  and  Irr. 
Paper  Sa.  21.  |>.  !6.  1899. 

2  Ibid.,  nth  .\nn.  Rcpt..  18S9-90,  part  1.  p.  TXi. 

^Re(ord.  lut\.  Gcoi.  and  Nat.  Hist.  Surv.,  16th 
Ann.  Rept.,  188-S.  |>.  264. 

<  Ibid..  17tb  Aim.  Rept..  mu.  p. 315. 

^  Record.  Ind. (icol.  Surv. .1st  Ann.  Rept., 18(;9.pp. 
29-31. 

"V.  S.  Geol  Surv..  lllh  Ann.  Rept..  1889-90.  part 
1.  pp.  688-4W9. 

'  Record,  ibid.,  p.  6.S4. 

♦•Ibid.,  pp.  t>8:i-685. 

»Ibid..  p.  704. 


"T.S.  (k'ol.Surv..  nth  Ann.  Rept.,  1889-90,  part 
1.  p.  704. 

i»  Record.  Mich.  Geol.  .^urv..  1881-18^:$,  p. 84.  pi.  - 
64.  r.  .S.  Geol.  .<urv.,  lllh   Ann.    Rept,  18.89-90. 
part  1,  pp.  TM-T.^h. 

'-Reconl,   V.  S.  Geol.  Surv..  lllh  .\nu.  Rept.. 
18sy-yo.  part  1,  p.  703. 

'=*r.S.  Geol.. Surv.,  nth  Ann.  Rept.,  1889-90.  part 
1.  pp.  702-703. 

•*  Record,  Ind.  (Jeol.  Surv.,  1870,  pp.  193-194. 

'•'ind.  (ieol.  an<l  Nat    Hist.  Surv.,  1885-fi6,  15tb 
Ann   Rept.,  pp.  69-71. 
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Lo<*ation. 


ipum  County: 

(Mrclevllle 

Kempton ' 

Sharpevillei 

Tipton- 

Windfall 

nion  <'ouniy: 

Liberty* 

Liberty  (H  niilt's  from). 
anderburK  (X»iiiity: 

KvanMville 


Depth. 


Fed. 

+  1,078 

l.att 

•J70 

1.030 

1.002 

971 
1.000 


I)o.* 

I>o 

Do 

'ijf«»  County: 

Fontanet 

Fontanet  (one- half  mile 

j«outhwc!*t). 
Fontanet  (3  miles  souih- 
wej«t). 

Hecicland 

Si.  Marvs 

Ik»; 

Terre  Haute  > 


Do.«  . 


Do. 


IK) 

k.ba)<h  County: 

La  Fontaine' 

North  Manchester*. 


Somerset » 

Treaty 

D<i.'" 

Wabaah" 

^  »%rren  County: 

NVilliam^fibrt 

•^"arrick  County: 

Boonville 

Boonvllle  (4  miles  west). 

Boonville 

("handler 


Newburs: 

^>ashmglon  fkiunty: 

Stth'm'2 

Do 

N\ayiK'  <V>uiity: 

Camhriflife 

<'enterville 

Dalton 

Dublin 

Fountai  i  City 

Hairerstown 

Richmond 

Walnut  Level 

Washmxton 

Wells  County: 

Bluffion 

Do.'' 


Diame-    Vield  per  Height  of 
ler.        minute.  I     water. 


Inrhett.    \  Gallnns.  ' 


Feet. 


I 


S^IO 
H-10 


l.H-^  .. 
1.500  .. 
1.215    .. 


400 
440 


1.451 


Many. 
Many. 


1.615 

•2,  a55 

KiO 

•2.800 


Flows 


1,79:^ 


:^.l,fr25 

1,772 


Remark.<«. 


For  gas;  unKUccessful. 

Forffas;  flfte  flow. 
8maTl  amount  of  gas. 
Gas  well. 

Forgan;  unsucfeHsful. 

Several     well.s;    hmckish 

water. 
Salt  water  lit  1,400  feel. 


Water  at  400  feet. 


Sulphur  water  with  little 

RHS. 

Brine  at  1.300  feet;  sulphur 
water  at  1.793  feet:  some 
oil  at  1.6'29  feet. 

Several  borin^.s  for  oil; 
unsuccessful. 


920   i  Gas  well. 


-190 


85:? 

950 

900 

2,270  ' 

1,200 


8-5 

8-«  ! 

6 


H-     8 
-  40 


Flows. 


Gas  Ixiring:  unsuccessful; 

salt  water. 
Water  at  485  feet. 


For  gas;  unsuccessful. 

Gas  well:   fait  and  fresh 
water  also. 


1,100    1 No  flow.     Gas  well. 

1,500  I   10orl2  i No  flow.  I 

1 .  '200  ;  12  ! Flows.     Salt  water. 

1 ,  505    ' 2  flows  of  salt  water  and 

some  ga.s. 
■      400 

■                     I 
l.SOO F«»rga.»»;  unsuccessful. 

750    1  <ias  well. 


+     884) 

+    8«; 

+     960 

1.250 

+  1.025 


-250 


Forjras;  unsuccessful. 

Do. 

Do. 
(ias  well. 
For  gas;  unsuccessful. 


766-1, 025  ] Several  gas  wells 

945  I ;  (Jas  boring,  luisucceasful. 

+8^)7    ■ F(»r  Kas,  unsucces«^ful. 

^976 j  Do, 

UH»-.'S(H)    Hani  water. 

1.2(K)    For  jra»':  utisuccessful;  salt 

water. 


•Record,  l*.  S  (Jeol.  Siirv  .  Ilth  Ami  Kept  . 
1^-90.  pan  1.  p.  6%. 

'Record,  ibid.,  pp.  695-697.  In«l.  (m'uI.  and  Nat. 
Hist.  Surv  .  1880-^6   15th  Kept.,  p.  :«(). 

'Record,  etc..  ibid.,  pp.  7'20-721. 

♦Kv.  Geol.  Surv,.  I*etr<>leinn.  (in^  etc..  hv  Or- 
ion, pp.  197-198. 

*Re<'ord.  Ind.Geol.  Surv.,  IhTO.  pp  126-1:^. 

•Ibid.,  p  1-26.  Ind.  Geol.  Surv..  iN'.y.  pp.  2H--'J 
31.  Am.  Jour.  Sci.,  2d  ser..  vol.  \h,  p  271. 

'Record,  etc..  l'.  S.  (Jeol  S»irv.,  lllh  Ann. 
Kept.,  1889-90.  part  1.  pp.  689-690. 


Surv..  nth  Ann   Kept..  1889-90.  j>art 
Hist    Surv..  17th 
Kej.t.. 


**  C.S.(;( 
1.  p.  IMl 

"M^ecord.  Ind   (Jef)l.  an<l  Nat 
Ann    Kept  .  isyi    pp.  252-25:^ 

"'Record.  C.  S.  (Jeol.  .Surv.,  lllh  Ann 
lHS».>-90.  part  1.  p  7H 

>>  Ind.  (ieol.  and  Nat.   Hist.  .surv.  Kept  .  187.5. 
pp.  13-48 

•-•  11.  S.  Cti'o\.  Surv..  lllh  Ann.  Kept.,  1889-90.  part 
1.  pp.  725-726 

»•!  Record,  ibid.,  p.  740. 
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DEEP   BORINGS   IN   THE   UNITED   STATES. 
INDIANA— Continued. 


lK0.ml 


Location. 


White  County: 
Monon  > . . . 


Depth. 


Do. 


Monticello  . 
Monticello' 


F}set. 
±920 

+880 

4-1,050 
+1.150 


WhitlevCountv: 
Columbia  City*. 


Diame- 
ter. 


Inche*. 


Yield  per  Height  of 
minute. 


Odttons. 


water. 


Feet. 

Nearly  lo 

surface. 

Nearly  to 

surface. 

-550 

-«50 


Remarks, 


Larwell  *  . 


1,375  I. 
1,598  1. 


Salt  water  at  880  feet       ■  ^i^ 

Gas  t>oring:  salt  water  it  j 

880  feet 
Salt  water  at  1,060  feet 
For  gas:  unsuccenfal;  mIi 
J      water  at  1.150  feet 

-  20     For  gas;  unsuccessful;  alt  |>i 

I      water. 

-  200  I  Do. 


1  Rec-ord.  U.  S.  Geol.  Surv..  llth  Ann.  Rcpt.,  1889-90,  part  1.  p.  731.  «  Ibid.,  p.  736. 

PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  INDIANA. 

The  natural  gas  field  of  Indiana,  by  A.  J.  Phinney:  United  States  Geological 
Survey  Eleventh  Annual  Report,  1889-1890,  part  1,  pp.  579-740,  plates,  Washington, 
1891. 

Water  resources  of  Indiana  and  Ohio,  by  Frank  Leverett:  United  States  Geologic*^ 
Survey  Eighteenth  Annual  Report,  1896-1897,  part  4,  pp.  423-559,  plates,  Washiag- 
ton,  1897. 

Wells  of  northern  Indiana,  by  Frank  leverett:  United  States  Geological  Survey^ 
Water  Supply  and  Irrigation  Papers  Nos.  21  and  26,  1899. 

INDIAN  TERRITORY. 


Chorokoe  Nation: 

Bartlcsville 

Hartlt'svilh'  (2  milos dis- 
tant). 
Clu'lsca  (f)  iiiiloM  ut'sl) . . . 
Salina   (li   miles  south- 
oast). 

I)(» 

Creek  Nation: 

Kedfork 


Sai)iilpa 

Sapiilpa  (<)  miles  north). 

Sapulpa  


Do 
Do. 


Do 

Chieka*<a\v  Nation: 
Chickaslia 


ChtM-iaw  Nation: 

Atoka  (If)  miles  west)  . 


Osape  Nation: 
I'awhnska. 


Depth. 

Fcf't. 
1.700 
l.HOO 

,'WXHiOO 

-170  ; 

.'CH)  \ 
1.4S7  ! 
1.480 
1.410 

l.rWK)  \ 

I 

I ,  rnio 

1 .  480 
1.42  J 

1,417 


Diame- 
ter. 


Yield  per 
minute. 


Inchc)*.      (faUonit. 


Height  of 
water. 

Fnt. 


Few. 


Flows. 

Flows. 
..do... 


Remark.s. 


2.000  : 


<)ilatl,2«(»feet. 

.*^mall  quantity  crude  p<'  ^ 

troleum. 
Several  oil  wells. 
Salt  water. 

Do. 

Incomplete:    promises 

large  oil  field. 
Flow  of  oil:  some  salt  wa- 
ter. 
Flow  of  gas  at  1.280  feet 

with  HO  pounds  pressure; 

very  little  water. 
(J as   at   1,2.'S0    feet,    with 

pressii  re  of  hO  to  60 

pounds. 
Oil;  saltwater, 
.^alty  water. 
Saltv  water:  fresh   at  266 

feet. 
Snlty  water. 

Salt  water  at  29H  feet;  no 
water  below;  well  in 
progress. 

Small  indications  of  oil  at 
S07  feet;  oil  at  917  feet: 
much  salt  water:  salt 
water  and  oil  at  1.235 
feet  and  1.347  feet;  oil 
and  gas  at  1.391  feet. 

Water  at  1.145  feet:  gas 
pressure  at  2,000  feet  pre- 
vented further  drilling. 
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IOWA. 


ation. 


Depth. 


le. 
d.. 


FM. 


uunty: 


800  . 
900  i 
612  I 


I  Diame- 
I      ter. 

Inckt$. 


Yield  per'  Height  of 
minute.  |     water. 


Remarks. 


ounty: 
le<.... 


076  \\ 
740   f 
516  , 
677  ' 
487    .. 


ty: 


ty: 


County: 
ty 


iinty: 

ty: 


2.496 
1,640 
1,627 
2,600 

1,287 
1.426 

3.010 
3,000 
2,914 
2.607 

1.026 

1,784 
1,720 


486 
1,310 

2,700  , 
I 
600 
1.200 
1,4?3 

1,120 


12-4 
14-7 


Oalions. 
None. 
None. 
None. 

700 


Feet. 


+  40 

-800 
-280 


Abandoned. 
Coal  prospect. 


2  wells. 


200  I 

aw  I 


-260 
-280 


I)o. 


62 
60  I 

Many.  ! 


+  284  Temj 
-+-  28 

-200 


'fc: 


560. 


8-64 


US 


8 
8-6 

12-9 


Many. 


WattT-bearinR  bedHat367, 
717.  and  883  feet. 


Failure. 


Many I  Coal  prospect. 

-160  1 


do 
....do... 


60 
80 


-  66  ! 

No  flow.  ,  3  wells. 
....do.... 
-  76 


+6 


-206 


10  miles  south). 

ity: 

ri" 1 


1. 96:^   No  flow. 

6       Many.   


800  ■ 

100 

600 


I  \.m\ 

I  .V20 

> 420    .. 

I  4'7 

162 

ity: 

' 1,036-1,497 

1.066  : 

1 . 674 

f  1.169    \ 

1  1.17.=.  r- 

I.V.V2    .. 


6-3 


20 


+  62 

\    20 


6 
6 

10-6 
64. 

8-6 


Temp..  640. 
Temp..  62*^. 


70              -212 
None Abandoned. 


Water-bearing  beds  at  225. 
875. 406. 475.  and  586  feet; 
temp..  60^;  water  hard 


Abandoned. 


1.73<J 

"\,m 


68 

.^6 

46 


6  wells. 


2  wells. 


Id 

unly: 
ter  »=»... 
>)unty: 
on 


Minty: 

Ic 

unty: 


1.K17 

1 .  H7() 

2.  \M\ 

.T<)7 

7(X) 
.s(rj 


70 


:<8 
Flows. 


1 


'M)     Tcmfi..  60^\ 


owa  Geol.  Siirv.  KejU..  vol.  <;.  \s*M\,  p 

89. 

02. 

id  analysis,  ibid.,  pp.  32G-32«. 

3ld.,  vol.  3.  pp.  192-196. 

nd  analysis,  ibid.,  vol.  6.  1896,  pp 

Oid.,  pp.  336-339. 


4    Water  at  surface. 

6  3  k)  f  81     Several    wells    of    abt»ul 

this  depth. 

"Ibid.,  pp.  261-2e>2. 

^Recorn  and  analysis,  ibid.,  pp.  193-195. 

"'Ibid.,  pp.  18,6-188. 

"  Iowa  Geol.  Surv.  Kept.,  vol.  6.  1896.  p.  188. 

"  U.  S.  Geol.  Surv.,  17th  Ann.  Kept..  l«»-96,  part 


2,  p.  811;  analysis,  p.  827, 

^»  Record  and  analysis,  Iowa  Qeol.  Surv.  K«pCi| 
vol.  6,  1896.  pp.  214-219. 

H  Ibid.,  pp.  208-214. 
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DB£P   BORINGS   IN   THE   UNITED   STATES. 
lOWA-Continued. 


l»a 


LocaUon. 

Depth. 

AM. 
1,262 
1,954 
1,300-1,400 
1,765 
1,000 

2,027 
960 
1,817 
1,927 
1.416 
1,100 

1.708 

1.768 

2.021 

485 

1,250 

684 
585 

920 

1,585 

1,125 

1,158 

2.0CM 

1,040 

416 

2,221 

l»73 

1.400 

•2,007 

i.7:u 

1.198 

1,880 
4*20 
fi3(> 

1.050 

689 
720 
7fi4 
710 

800 

2,000 

900 
2.230 

1.987 
985 
850 
939 

Diame- 
ter. 

Inehee. 
6 
8 
18 
3 
5 

Yield  per 
minute. 

Height  of 
water. 

Remarbt. 

Dubuque  C-cmnty— C'oni'd. 
Dubuaue 

GaUons. 

450 

40 

2.000 

40 

5H0 

+    1 
Flow. 

Do 

2  welK 

Do.> 

Do.« 

+  41 

Several     weUs    9G 

1K» 

feet. 

Do 

i 

2  welK 

llo 

1 

Do 

Do" 

' ! 

Franklin  C/Ounty: 

Hampton 

, 1 

1 

Fremont  County: 

Randolph 

8 
9^ 

Many. 

No  flow. 

-  40 

-150 

+  16 

-  16 
-510 

Greene  County: 

Jefferson 

Grundy  County: 

Grundy  Center 

Hamilton  County: 

Web8terCIty< 

8-6 

7 
41 

70 

Hancock  County: 

Brllt» 

Do 

Hardin  County: 

Ackley* 

Harrinon  County: 

Dunlup  * 

61 

Henry  County: 

Mount  PleaMint « 

165 

-  30 

Howard  County: 

Creneo 

Ida  County: 

Holatein' 

^ 

-275 
4    30 

Iowa  County: 

Amana*^                        ... 

100 

Tpmn     liflP 

ConoTownwhipi' 

Homentead '" 

Flows.  1           '  ' 

10-4 
10-:-) 

r.4A 

4 

-117  1 

,TaekM>n  County: 

Sahula  ** 

7-20 
Many. 
:«» 
'\ih' 

1 
-\    78  1 

•lasiKT  County: 

Ncwtcni '- 

1 
W  1 

.loiies  County: 

AnainosH  '•' 

1 

Do          

Montl<'ell<»** 

to  1 

Kw>kuk  County: 

Sijfourney  ^^ 

30  1 

Sout  h  Knglinh 

1  Alwindoned. 

WliHtt'lii-er 

Ko.M.MUth  County: 

Alg^ona  '* 

6 
4 
(> 

6 
12-10 

io 

6-4 

tKK) 

-ifto' 

/a'weVls' 
i      1,700 

300 

Many. 

HO 

Lee  County: 

F<irt  Madison '' 

i 
.    20  ' 

I)o  IP 

+  H."»     Tenip...V)*^. 
+  '2i) 

Do.  '"^ 

Ke<:)kuk"' 

-^  85     Tomn..     CA^;     two 
\vell«  700  feel  de* 
+  47  i  Temp..  50°. 

!         -i-  'SO  '  Temp..  65°:  3  wellfi 

Do.  19 

Do.  "> 

Do 

Do.  i» 

■\-  30     -VnotluT  well    1,80 

Do 

witter  also  at  (lOOi 
feet. 

Do 

Flow 

Montrose 

Mount  Clara '-■" 

■  10     Formerly  flowe*!  '2 

lon.'^. 

1  Reeonl  and  analyt<iH.  Iowa  Geol.  Sur\'.  Rept.. 
vol.  6.  1896.  pp.  208-21-1. 

-Ibid.,  pp.  220-222. 

»  Anttlysl!*.  ibid.,  p.  195. 

4  Record.  Ibid.,  vol.  3.  pp.  189-192;  vol.  6.  pp. 
219-2-20. 

^  Record  and  analysis,  ibid.,  vol.  6,  1896.  pp. 
257-259. 

» Ibid.,  pp.  320-821. 

•  Record,  ibid.,  p.  222. 

)  Record  and  analysis,  ibid.,  pp.  286-287. 

•Iowa  Geol.  8urv,  Kept.,  vol.  9. 1898,  p.  661. 


'•'Re<'ord  and  analvsin.  Ibid,,  vol.  f>,  pp. : 
"r.  S.  Geol.  .<urv.;  ITth  Kept..  1895-96, 
p.  817. 
•-Record.  Iowa  (ieol.  Siirv.  Kei)t..  vol.  C 
"Ibid.,  pp. '26'2-26.=>. 
*♦  Record  and  analv.»*is.  ibid.,  p.  I'evi. 
»» Record,  ibid.,  pp.  305-3tJ8. 
»»Ibid..  p.  196. 

>' Record  and  analyRis.  ibid.,  pp.  321-322, 
«Ibid.,  pp.  321-322. 
"Ibid.,  pp.  828-326. 
»Ibid.,  p.  822. 
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IOWA. 


Location. 


n««th       ■  W»me-    Yield  per   Height  of 


minute,  i     water. 


Remarks. 


A^lairCofintv: 

Fontanelle 

Greenfield 

Do 

Allamakee  Coantjr: 

LAudng  1 

PQstrllle* 

Waukon* 

Do 

Appanoose  Tounty: 
Centenrille* 

Do*.. 

Do 

Benton  County: 

Vinton* 

Do* 

Boone  County: 

Bof>ne 

Do 

Do 

(igden 

Bremer  Count v: 
Frederika 


Sumner 

Waverly 

Carroll  (Vwrity: 

Arcadia 

Ca^s  County: 

AniU 

Atlantic? 

Cedar  County: 

Tipton* 

Cerprt  Gordo  County: 

M&«onCity 

Do 

Do» 

Cherokee  County: 

Cherokee 


f'larke  County: 

(Jnceola 

Clay  Counly: 

j*pen<*er 

Do 

Spencer  ( 10  mlleii  «>uth ) . 
C'layUm  County: 

McGregor  »"♦ 

iXi." 

Monona'i 

Monota 

Do 

Clinton  County: 

Clinton" 

Do.« 

Do.« 

Do I 


FM.  InchfM. 

800    

900    

512    


Gallon:         Feet. 

None Abandoned. 

None Coal  prospect. 

None. 


C76   1 
740    1 
515 
577 

487    ... 

6 

8    . 

700 

+  40 

-300 
--2H0 

2  well*. 

2,495 
l.MO 
1.527   \ 

12-1 
14-7 

200 

•sao 

260 
•2W 

Do. 

2,500    1" 

1,2S7 
1.425 

3.016    ... 

6 

62 
50 

Many. 

4   284 

-^  2X 

-200 

Temp..  56°. 

3,000 

2,914    ... 

2,  .507      . . 

1.02:» 
1,7M    ... 

8-64 

118 

4 

Walcr-beai 
717.  and  ( 

1,720    ... 

Manv.    .. 

620 

486 
1.810 

2,700 


Failure. 


8-i* 


600 

6-4 

1.200 

8 

1.473 

8-6 

1,120 


l.»53 

HOO 
100 
600 

1.(MI6 
.V20 
4JI) 

4'7 


Many Coal  prospect. 

...do...  -160 

...do...  65 


No  flow.     3  well*. 
....do.... 
-  75 

206     Water-lwaring  beds  at  225, 
375. 406, 475,  and  585  feet; 
temp ,  60^;  water  hard 
No  flow. 


6 
'4H3i 

ti-3 
6-3 


Many. 


Abandone<1. 

62     Temp.,  .540. 
20     Temp..  .52°. 


Lyonj» 

DavJii' County: 

Bloomfleld 

Delaware  County: 

Mancherter**... 
Deji  Moines  County: 

Burlington 

Do 

Dickinson  County: 

Lakepark 

Iiuboque  County: 

Dubuque  " 

Do." 


.497 
,OtVt 
,674 

.17:.  r 

.i:-:2    .. 


6 
6 

lO-S 

54. 
K-5 


70                 212 
None Abandoned. 


1.736 


4-  68     5  welU. 

-  35 

-  45 

2wellK. 


.X17 


•vr; 


5, 


70 


3H 

Flow>«. 


»  Rec*)rd,  Iowa  Geol.  Sur\'.  Kept.,  vol.  t;.  lv»i.  p. 

aoo. 

s  Ibid.,  p.  189. 

*  Ibid.,  p.  202. 

*  Record  and  analyiis.  ibid.,  pp.  326-3>. 
»Beeord.  ibid.,  ▼ol.  3.  pp.  192-195. 

•Eeoord  aod  aoalyids.  ibid.,  vol.  G.  1>996.  pp. 


:«»     Ti-nifi..  :in . 


WhU'T  at  Hirfarc. 
S<'V<TaI     wellf    of    alMMil 
thU  dfpth. 


T  Beooid,  ibid.,  pp.  836-989. 


■Ibid.,  pp.  'J»il-262. 

'Rifonl  and  analyj*!*..  ibid.,  j.p.  1«^-195. 
•Ibid.,  pp.  1K5-1W*. 

»  Iowa  Gci.l.  Sur\'.  R^-pt..  vol.  6.  1W6.  p.  188. 
"  U.  8.  Geol.  Surv.,  17th  Ann.  Rept..  1895-96.  part 
2,  p.  811:  anal  y Bin,  p.  K27. 

"  Record  and  analysis,  Iowa  Geol.  8urv.  Kept. 
TOl.  6.  1896.  pp.  214-219. 
HIbid..pp.2Qb-Zli. 
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DEEP   BOBINGS    IN    THE   UNITED   STATES. 
IOWA— Continued. 


I  NO.  149. 


Location. 


Dubuque  ('ounty- 

Dubuque 

Do.» 

Do 

Do.' 

Do.' 


Coni'd. 


Do. 
Do. 


Do 

Do 

Do 

Franklin  C-ounty: 

Hampton 

Fremont  (;ounty: 

Randolph 

Greene  County: 

Jefferson 

Grundy  County: 

Gnindy  Center  . . . 
Hamilton  County: 

WebHterCity«.... 
Hancock  ("ounty: 

Brilt* 

Do 

Hardin  County: 

Ackley* 

Harrison  County: 

Dunlap  ft 

Henry  County: 

Mount  Pleasant". 
Howard  C^ounty: 

Crew^o 

Ida  County: 

Holstein » 

Iowa  County: 

Amanao 

ConoTown«hipw  . 

Homestead  '•* 

Jackson  County: 

Sabula" 

Jaxper  ('ounty: 

Newton '••' 

Jones  ('(uiiity: 

Anamosu  '♦ 

Do 

Montirello '< 

Keotcuk  Couiitv: 

Sigourney'^ 

South  KuKli!*h 

Whiitchter 

KoHHUth  County: 

Algona'* 

Li'e  County: 

Fort  MttdiHon'"... 

Do.  1" 

Do.  "* 

Keokuk'* 


Do.  '». 
Do.  i». 


Do ... . 
Do.  '«• . 


Do 

Do 

Montrojse 

Mount  Clam-'" 


Depth. 


Diame-  i  Yield  perl  Height  of 
ter.      I  minute.        water. 


Feet. 
1,262 
1,954 
.300-1,400 
1,765 
1,000  I 

2,027  |. 
960  I 
1,317  1/ 
1,927  i. 
1.416  !. 
1,100 

1.708 

1,768 

2.021 

485 

1,250 

684 
535 

920 

1,535 

1,126 

1,158 

2.004 

1,640 

416 

2,224 

973 

1.400 

I 

2,(H)7  i 

1,73'4    . 

1.19H  :. 

I 

1.880  1 

420 

63ti  |. 

1,050  I. 

689  I 


720  I 
-04  I 
710  ! 


800  ' 

2,000  ' 

900  I 
2.230  I 


1.9h7 
935 
M.tO 
939 


Inche*. 
6 
3 
13 
3 
5 


Uallowf.  '       Fcft. 

450  I 

40  ,  +1 

2,000  I  Flow. 

40    

580  +41 


8 

8-5 ; 


Many. 


No  flow. 

-  40 
-150 
+  16 

-  16 
-510 


«i,- 


165 


8-1  ' 


10-4  I 


100 

I 

720  I 

Many. 

I 
300 
I_ 

iiftV 


-275 

+  30 

Flows. 

-117 

-+   7S 

-  90 

.'16 

" "  ■  io' 


Remark.^. 


:  wells. 


Several     wells     965-1.060 
feet. 


2  wells. 


Temp.,  60°. 


4 


,•50  I 


250  ' 


,2-.of -;»S] 

+  30 

10  '            300 
t>-4    

1-  :K) 

Mtuiv.  ' 

Flow. 

•   20  : 

+  85     Temp..  55"^. 
+  20 
■f  35     Temn.,    64^:     two    other 

wells  700  feet  deep. 
+  47  I  Temp..  50°. 

+  30     Temp..  65°:  3  wells. 


Another  well  1,805  feet: 
water  also  at  600  and  900 
feel. 


1  Keeonl  and  analvsis.  I(»wa  Geol.  Surv.  Kept., 
vol.  6.  1896,  pp.  208-214. 

Mbid.,  pp. -220-222. 

3  Ann  lysis,  ibid.,  p.  19.'>. 

♦Record,  ibid.,  vol.  ,3.  pp.  189-192:  vol.  6.  pp. 
219-220. 

"  Hecord  and  analvsis.  ibid.,  vol.  fi.  1896,  pp. 
257-2.^9. 

•■•Ibid.,  pp.  320-321. 

•  Record,  ibid.,  p.  222. 

'f Record  and  &nalyB\»,  ibid.,  pp.  '286-287, 
'^JowH  Gcol.  durv,  Rept.,  vol.  9,  189S,  p.  561. 


10     FornuTlv   Mowe<l  200  ijal- 

I  Ions. 

'"Record  and  analysis,  ibid.,  vol.  6,  pp.  2H3-2X5. 
"U.S.  Geol.  Surv..  17lh  Rept..  1895-96.  part  2. 
p.  817. 
'-'Rec(»rd.  Iowa  (Jeol.  Surv.  Rept..  vol.  i\,  p.  292. 
'a Ibid.,  i>p.  262-26.'>. 
'<Recora  and  analvsis.  ibid.,  p.  "Jfi-^ 
li^ Record,  ibid.,  pp.  a05-3<w. 
'«Ibid..  I).  19<;. 

'"Record  and  analvsis.  ibid.,  pp.  321-3'22. 
'Hbid.,  pp.  3'2l-322. 
'•Ibid.,  pp.  3-23-326. 
»^IbW.,  p.  322. 
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IOWA— Continue<i. 


Location. 


Linn  Omnty: 
rwlar  Rapid!*. 


D.» 


Mahaska  County: 

Ovkaloosa  > 

!>.> 

Marion  Ctmntv: 

rdla«...; 

Mills  fVjunty: 

(fIenw<KNl  ^ 

l>o.' 

Montfforaery  C\>nnty: 

RiHliinik 

Miw^alincCountv: 

Wert  LilnTtv* 

Wilton  Junrtion* 

O'Brien  County: 

Sanbrjm , 

Oweola  County: 

Sibley 

Hfv  Countv: 

Clarinda* 

Shenandoah 

I'alo  Alto  County: 

Enimet«<burg  ^ 

I)o 

Plymouth  County: 

Lemarx^ 

Pocahontas  County: 

IV.K'ahontnjj    (3    m  i  1  o  n 

HOUth). 

I*o<'ahonta.H  ( near} , 

Bell  vi lie  Township 

Polk  C^Minty: 

I>efi  Moinej*'-» 

S^aylorville 

Pottawattamie  C^junty: 

Council  BluffM»'» 

Do.>« 

Council   Bluffs    (hcIuk)I 
for  deaf) .  >" 

(Nnincil  Bluffs 

Powerihiek  County: 

(Jrinnell" 

Do 

Sii'-  <'ounty: 

Odebolt 

Wall  Lake 

s<'<>tt  County: 

Davenport      (bottliuK 

works). '- 
Davenport    (Mall    and 

Grain  Cf >.).'* 
Davenport  (Gas  Co.  ).>2.. 


Depth. 


1,3(X) 
1.300 

3,000 
l.HOO 

1.111 

1,091 


2.003 
2. 002 

500 
427 

780 

i,07r) 

1.200 


Many. 

10-3 

-too 

45 

! 

4 

rxi  :           -4   fiO 

10-1 

105 

-230 

1 

300               -f    59 

ry-4 

300               4    13 
100                .    47 

Abundant  supply. 


Daven [K>rt     ( G 1  u  c  o  .s  o     2, 1 00-2. 107  i 

Co.)Js  I 

rX).  '* 1.500 

Davenport  (city  park  i  '^.  1, 797 

Da venpr>rt    (Kimball  1 .  uso 

House).  >« 
Davenport     (packing  1.1h(> 

company).  >^ 
Davenport    (Schmidt  1.'200 

Building)."  I 

Davenport     (woolen  1,0.53 

mills).  " 
Davenport     (ice     com-  l.u<;7 

panv).i* 


H-  5 
4 
3i 

r>-4 


250 

{125 

120 

2.'iO 

7:i 

•M) 

I 
240 


■\-  77 
51 


Water  from  l,aw-1.076fwt. 

2  well.**:  water  from  ne«r 

lM)ttom. 
4  wells. 


Water  at  1.175  feet. 
20     Wat.T  at  1,075  feet. 


»  Record.  Iowa  Geol.  Surv.  Kept..  \ol.«'•.|.p.:«)H- 
310. 

sibid..  pp.  310-315. 

»Iie<rora  and  analy.M}*.  ibid..  i>r».  3I0-:»J7. 

<Ibid.,  pp.  2H1-282. 


6Ibid..pp.  2S0-281. 
I  Ge«  '    


pp.    33l»-340: 


« Iowa  Geol.  Surv.  Kept.,  vol. 
rec«.»rd.  ibid.,  vol.  12,  pp.  2S-32. 
'  Record,  ibid.,  pp.  1U6-197. 
•Ibid.,pp.  23'2-235. 
•Ibid.,pp.  2M-209. 
»> Analysis,  Iowa  Oeol.  Surv.  Kept.,  vol.  (5.  p.  310. 

IRB  149— OS 4 


<    45 

f  21 

I    :J5     Water  from  700  and  1,050 

feet. 
*    10     Water  from  775  and  l.tKV4 
I  fet-t. 

"  Keeortl  and  at»ilv8is.  ibid.,ni).2X7-'292. 

i'>r.  S.  (Jool.  .Surv,.  17th  Ann.  kvvt..  lH95-9«>.  part 
2.  p.  S12:  Iowa  (Jrol.  .Surv.  Kept.,  vol.  ti.  p.  272. 

"  Ueconl.  ibid.,  p.  8^12:  Iowa  (ieol.  .Surv.  Kept., 
v«»I.»i.  p.  272. 

'♦  Ibid.,  p.  sil:  Iowa  (Jeol.  Surv.  Ke|»t..  vol.  0.  p. 

"  i^'Ain.(;e(»l..  vol.:?.  1889.  p.  117:  Iowa  (icol.  Surv. 
Kept..  voKC).  pp.  272-280:  record,  V.  S.  (k-ol.  Surv., 
17th  Ann.  Kept..  ls95-9«,  part  2.  f »p. M2-84.5. 

»«  Keeonl,  U.S. Geol.  Snrv.,171h  A nn. Kept.,  1895- 
9«>.  pari  2.  p.  814. 
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l«o. 


Location. 


Elk  County: 

Howard 

Do.» 

Ellia  County: 

Hays  (16  miles  touth- 
went). 


Ellsworth  Ooonty: 
Ellsworth 


Do„„„..,„ 

EannpoJluV, , 

WIlwii'.. 

Ftritify  County: 

EmLTitMiL-r? ,.,. 

tJiipiaiTi   rk>    (t>jtd-half 

CtHfllrfM'^TtV 

I  <;jini,  ■.  i-\\-^  -  miles 
south). 

Ravanna  (north  of) 

Ravanna 

Fbrd  Coun^: 

Dodge  City  (limlleseast) 
Franklin  County: 

Ottawa 


Do. 


Geary  County: 

Junctirm  City  (vicinity)J 
Cove  County: 

(kKxlwater 

Catalpa  (vicinity) 


Jerome 

Jerome  (near). 


Graham  C-ounty:  | 

Hill  aty  (» mileK  frum).| 

Greeley  County: 

Ht»niee > 

Tribune , 

<in»enwo<Hl  (k>un(y:  i 

Kuri'ka'^ 

Do 1 


Depth. 


PbA. 
1,000 
1,225-1.410 

1.177 


l,8tl0 

m. 

l.SSA 

*+i,'666^ 

+    4U0 
+    "WO 

800 

1,003 

1,066 

800 

fiOl  ! 
400 

400 
400  ! 

I 
100 

1,370 

fiOO  I 


Fall  Rive 


r>o.«. 

MadiMon. 
Neal 


Do 

Hamilton  County: 

C<K»lldKi' I  ."lOO  I 

Kendall ftOO  i 

Do MT 

Hyraeuse |  l.OOO 

Han>er  County: 

Anthony' ;  2 ,  3as 

Har\ey  CxMintv: 

HalHtead ;!  -\-    400 

Newton I  1,04.S 

Do ,      910-1,076 

Haitkell  County: 

Santa  Fe l.LW 


Dlasn^^  'Yield  p«r 
ler.     1  minute. 


Indus.   1  GoJiaiH. 

.. ..**.•*!     None, 


Hi- 

8-J  ,. 


Many. 


Few. 


HeEffht  ol 
water. 


FkEl 


+  IS 


-114 


46 


Abandoned, 


Artalan  water  at  SOO 
salt  water  a  iSiorl 


terrvls  to  VB  feet 
Halt,  780  to  8m  Itet; 

wat«ratI,aD(»£00t 

fiaJ  t  wa  t^r  at  lltf  toST 
Salt  wat»;  abandon 


AlMUidoued. 
Do. 


I 


10  ' 


No  flow. 
-      830 


+  1,000 


1,255    . 
986 

1.480    . 

1.8961 

940 

875  :. 


10-51 1        1,000 
Many.  ' 


rnsueceHlnl. 

Oil  at  mt  and  702 
Iftrfft*  volume  of  gi 

Salt  WBter  at  3&I  at 

reet;  frrah  wntt^r 

and  7Vi  foet;  p«: 

WJit^T  a  1 190  fcna. 

.,  hfAl  wiitcr;  abandtn 

.    All  in  f-lmlu:  aUindi 

I      no  flow. 

.   Good  miuply  of  fine 
at  400  leet:  no  floi 

Shale  to  hottom. 

Dakota  sandHtone  rt 
at  1.050  feet. 
.    rnsuccewful. 

.  C<>alproHpi«t:a^mn( 

.    In    progrew    1900: 

water  iJOOtn  700  fe 

..  I^Hn^Mil  ■cm  fopt, 
I  Water    at  416   feel 
I      water  at  972  feet. 


10-*<il 


.  KofKas:  nnwu'eewf 
.1  Foroil:  water-beari 
I      at  822  feet. 


90  ' 
'76' I 


Flows. 


Do 1,300 

IIodKeuian  County: 

Jetmore 1,000 

Do 700or800 

'  R*vord,  Kan.  Univ.  Geol.  Surv.  Kept.,  vol.  8, 
pi.  29. 

-  Record.  Mineral  Ui>M)ureeK  of  Kansaa,  189B, 
pp.  94-95. 

3Ibid.,  p.  97. 

*  Reeord,  Kans.  Univ.  Get>l.  8unr.  Kept.,  vol. 
2,  p.  27. 


....'..'.'.'.'. 

1 

1 

'               6 
1(W>| 

1 
Many.  1              200 

'        -      KK) 

1 

1 

i 

1            2(')^36 

!  No  wat4'r  at  that  dc 
'  Pum|)ed;  no  flow. 


i  Pn>sjK.H*t  )K>rinKN. 
Do. 

(t(MMl  water  at  200  a 
■      feet. 


For  foal. 

Not  in  nsr:  abandoi 


ttlbid..  V0I..S.  pi.  27. 
•Ibid.,  vol.  1,  pi.  VM 
» Ibid.,  vol.  1,  pl.21: 
HU).  1898,  p.  90. 


vol.  3.  pi.  2.'). 
Mineral  R(.>tK>urees  o 
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KANSAS— Continued. 


ation. 


..>■♦ 


Depth. 


ntv: 
Ills.. 


(34  mile8  north- 
rity: ! 

jnty: 

an    (14    iniieH 


ron  Works, 
ity: 
alleys 


nd  vU'inity ... 


)  miles  north).. 


I  CVninty: 
orth^  ... 


xie  . 


m  (noar)*. 


y 

7  mih'.M  wmth) 


<mntv: 

5  miles  ntuitli- 


4?... 

ty: 


Countv: 

le ....:. . 


le... 
len<t 


i  Diame-  I  Yield  per!  Height  of  I 
I      ter.      ;  minute.  ,     water. 


KeniarkH. 


Prct. 
1,206  or 
1,406(?) 

1,174 

432 
400 

MO 

GOO  ' 


{-     KOO 
1.410 


Inches. 

}    «! 


OttUmui. 
None. 


Feet. 


40 


50 


1,000 
1,000 


7(»2 


985 
600 


500-l,fiOO 


530 
400 


1,170 

2.110 

851 

729 
918 


408 


0    


-     1(W 
40  , 


-       16 


Very  saline  water. 

Bait  water:  abandoned. 
Salt  water  only. 

Salt  water. 

Water  at  85  feet:  salt 
water  at  530  feet:  weak 
tlow  of  gas  at  3614  feet. 

Salt  shafts. 
Salt. 

Salt  well;  175  feet  of  salt. 
Two  salt  HhaftM. 

Temp.,  70°.  Salt  water  and 
gaw. 

Small  amount  of  gas  at 
548  feet;  suit  water  at 
606  feet. 

Several  wells  for  aras:  not 
much  found:  salt  water 
at  400  to  600  feet;  no 
flow;  abandoned. 


Limited  supply  of  water 
from  thin  sandstone  in 
upper  part  of  Benton. 


Flows.  ;  Gas  and  water. 


CMty  well. 


5   Salt  water. 

6i Salt  water  at  828  and  918 

6K»   Water  at  132  and  656  feet: 

I      salt  water  at  348  and  757 
'     feet,  and  traee  of  oil  at 
a'VS  and  m)  feet. 


rnsuocessful;  all  in  blue 
shale. 

rnsuceessful:  water  at  in- 
tervals to  200  feet,  then 
I      shale  to  bottom. 

rnsiuM'essful. 

(h\n  i»n)spect;  iil)andone<i. 


UK) 
1 ,  S(K) 

(*> 

Fru. 

.70 

l.J-JO 

"u 

lUC-l.'KH)    .. 

f).')0    

l.OJO    

i.nx)  

Flows. 

i.on 

s; 

1  ir>() 

Suit  water. 

F«)r  roul:  unsuccessful. 

(frts  wells. 

Salt  water  Hn<l  gas  found. 

(HI  wells;  water  at  several 

horizons. 
Gas  well, 
oil  an<l  gas. 

(Jas  well. 

Cois  well;  water-bearing 

iH'ds  at  275.  640.  and  896 

feet. 


'inenil  Kesiuin-es  of  Kjin>ns.  iv.is,  j*. 

ans.  Tniv.  Geo).  Surv.  Kept..  v«tl.  1, 

pi.  21. 

1,  pi.  20:  vol.  :',.  pi.  jr.. 


M bid.,  vol.  l.pl.  Ki. 

"Ibid.,  vol.  3.  pi.  28. 

«Ibi(l..  vol.  1,  pi.  11;  vol.  3.  pi.  22. 

<  Analysis,  ibid.,  pp.  149-150. 
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[M 


LoenLt^m. 


Do. 


MarshAll  Cuonty: 

MnfTivlJIe  (n^u-). 
Mearlp  Count}': 

Fowler  *  *  * 


Depth. 


Art, 


070 


UiiJnl  CoQQtJf: 

Do 

Mitchell  Oountr: 


mtlcs 


Ciwker  City    (2 

Dortheut). 
OawkE^r  Qly  (10  iiiU( 
nortb). 
NeoRho  Comity: 

Chuiute*....*-p.,..  . 
Do 


Do. 


Krte „ 

Erie  (a  milea  nimh)* 

Erie ,„.. 


Unlesburg  «...„ 
Boliln  (netr).. 
m  Hiiyl. ...... 

Thayer.,..,*.. 

Thiiyur  fne&r). 

Tb*yer 


Ness  County: 

lifintiy  (€  miles  wutli- 

NfflH  City  ( U  milw  uorrh ) 
Nf^  Cny  tl^  tnJlc^ aoutli ) . 
NV-w  CNy   no  nnd    12 
milCM  fiouthwe»t). 

Ra[)tti)m  ,. 


"I 


OmKi!  Cuuniy: 
Lyndon <  ,, 


Osage  Mission  * 

Osborne  County: 

O^Jwrne 

Portia  (6  mllcH    north- 
west). 
Portijj  (8  miles    north- 
west). 
Pawnee  County: 

Lamed 

I)o 

Phillips  County: 

Cactus  (6  miles  south) . . . 

Kirwin 

Ix)ng   Island  (4|   miles 

northeast). 
Phillipsburg      (a     few 
miles  northwest). 
Pottawatomie  County: 

Onaga 


St.  Marys . 


>  Record,  51st  Cong.,  Ist  se 
No.  222,  p.  157. 

*  Reeord,  Kana.  Univ.  Geol. 
pi.  17. 


800 


1.076 


4\M 
TI1^BB2 

ma 
7Aa 


750 

Mas 


»18 


Diame- 


/IMnCi. 


^Ictd  per 
Llnule. 


*l-l| 


6i-b 


Pew. 


Many. 


Heichtof 
water. 


riowi;. 

Flows. 

+  25 

Kiowa. 


-■■■ 


-0  to  -400 

-  as 

^■il7 
No  flow. 


40O  , 
Many.  , 


Fluwj(, 


tfTS  ' 

1.054 

my '. 


m&  ' 


,..], 


4K 


Flowi*, 


-^400  I 
450,497  >. 


-no 

-366 


fi^a  .Hiivv'nir 


1,007  '. 

1 

700  I. 


RetnarkR 


Wtttcr  la  or  mmm 

quality. 
Temp,,  e^;  walet- 

feet, 
Swells;  letnpu,0P, 


Rod  Beds  at  aOO  fee 


City  well. 
JSeveiml  gas  wetli. 

AbundADt  supply  0 

Mlty  wst«r 
SaJt  water. 

Do. 


Seveiml  gas  and  oil 
Uicf€  flow  of  gar 

wmter. 
OH  well^  brtneat:S 

OJL  at  7m,  "m,  a 

l«rC, 
Mineral  water 
Lanei^  lly  w  ni  Dil  ai 

and  salt  water. 
Salt  wdtur  «l  4t)0  r< 

wnd  ar  Un  u*  :^ 
Saltwn|«fr;  abando 
Oil  wen. 

^Ity  water;  a  ban 
Oil  weiJK. 
Wflterat  376,  STA.  S 

1,054  iei*t. 
Wait-r  at  ai-ii  feet; 

a27-8ao  leei. 


Salfsrae 

water  fti^Wi 

Nnndflton^. 
WatiTln  sanditoni 

bhif  ffhale. 

Salt  WHterat 'J3» fe 
pn)spect;  aband( 


500  i 
546 


543  ' 


756  I 
743  , 


480 
514 


430  I 


No  flow.     Salt  water. 
•JOO  Do. 


10-8 


400 
250 


I  ! 

602              3-2 
1 
l.lffl  1 

B.,  Senate  Ex.  Doc. 


+  50     Temp.,  65°;  salt  wa 

-  50 

I  Borc<l  for  oil  or  gas 

Small  supi>ly  of  wa 


5, Gas  and  Mowing  w 

533  to  5frt>  feet. 
Flows.  I  Saltwater. 


>Ibid.,  p.  77.  pi.  13:  vol.  3.  pi.  2r.. 
-^      rtl,  Ki        '    ■ 


<  Record,  Kans.  l-uiv.  Geol.  Surv.  Rept., 
Surv.  Rept..  vol.  1,      pi.  27. 

6  Ibid.,  vol.  1,  pi.  15. 
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ion. 


Depth. 


-I- 


County— Ctd.  j 


nettr). 


1  (south  of  )>. 


DisSaltCo.).. 
;shafl)« 


•  miles  south). 


I 


ity: 


miles  south). 


(near) 

nlles    north- 


ler  (12  miles 
:).  I 


eH    north   of 
11  River,  near  I 
wrderof  ihe 


{V2     mlleM 

). 
inty: 


y: 

Irlnlty) 
►unty: 


Fett. 
600 
1,000 

±800 

406 

1,000 

+800 
1.307  I 

1,110  ' 

964 

1,230 


DUme-   Yield  per 
ter.     '  minute. 


Ineket.     QaUotu. 


Height  of 
water. 


FM. 
Flows. 

-  15 
No  flow. 


RemarlCH. 


Salt  water. 
Do. 

Thick  salt  bed*  800  to  800 

feet:  not  uaed. 
Bad  water. 

Salt. 

Several  salt  wells. 

Salt. 


16    Good  water. 


1,625 
1.005 

8^ 



-  30 

tfl6 

10-21 
10-21 

None. 
Few. 

980 
400 

-    3 

460 



-  60 

Flows. 
-240 

1.403 

444 

5M 

3* 

10-6 
14-11 

20 
20 

Many. 

997 

1,605 
1,025 

-800 
120 



485 
500 

7 

52 

-130 

900 

1.63H 

f    400 

546 

600 

7 

-890 
-140 

-1«0 

540 

Many. 
Many. 

420 
»«0 

8 
6 

4:<M 
446 

6 

Few. 

150 

700 

1' 

1 

43» 

2,000 
1.912 
2,  (Kx; 

.W 

4-21  . 

FlOWH. 

1,000 

800 

Nime. 

I4H 

400 

None. 

1 
None. 
None. 

-1,200 

i,:«)0 

6 

6  1 

J.JOO 

Much  water  to  400  feet, 
then  600  feet  of  wit  and 
shale. 

Salt  pro«pe<*t;  abandoned. 

Salt  wellT 

Do. 
Do. 


Much  good  water. 

Salt  water. 
Water  pure. 

Water-bearing  beds  at  278 
and382feet:  watersalty. 

Saline  water. 

Salt  water  at  600  feet. 

Water  at  180  feet 
No  water  supply. 

Coal  prospect:  nocoal;  no 
flowing  water. 

No  water  supply. 
Salty  water. 

•Salt    water  at  590  feet; 

abandoned. 
Salt  water  from  sand  535 

to  540  feet  under  .'i35  feet 

of  shale. 


Salt  water  only  at  457  feet 
All  in  shale. 


Salt  water  and  gaa. 
Not  In  use. 

I  Did  not  reach  lK)ttom  of 
Hhalc. 


leral  Resount's of  Kansuji.  ISW,  p. 


Abandoned. 
Do. 

*  Record.  5iHt  Cong.,  1st  se»..  Senate  Ex.  Doc. 
No.  222,  p.  158. 

«  Record,  Kans.  Univ.  Gcol.  Surv.  Rept,  vol.  1. 
pi.  17. 
7  Ibid.,  vol.  3.  pi.  27. 
•Ibid.,  vol.  1.  pi.  19:  vol.  3.  pi.  30. 
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DEEP   BORINGS   IN   THE   UNITED   STATES. 

KANSAS— CohtinutHl. 


[X0.149. 


\ 


Location. 


Wil.son  County:  ' 

Benedict  (southeast  of)  j 


Benedict  (near) 

Do 

Buffalo 

Buffalo  (2  miles  west)... 
Fredonia' 

Do 


Neodesha'. 


Do. 
Do. 
Do. 


Neodesha  (near)  . 
Woodson  County: 

Neasho  Falls 

Toronto* 

Do 

Do 

Wyandotte  C<»unty: 

Kansas  City  * 

Do 


Dcplli.      1 

Diame- 
ter. 

Yield  i)er 
minute. 

Height  of 
water. 

Feel.        1 
2.414  , 

Jnchtn. 
13-6i 

'  daUonn. 

Fre,. 

1 
X27  1 

8' -5 

1 

n 

1 
1,050-1,147  1 

4J 

1.170  1 

400-KOO  , 

1,224 

2,414 

1      None. 

1,101 

8  J -5 

1 
1 

Remarks. 


±2,400  ' 
1,310  I 
2,414 

1,078  I 

1,275  ' 

1,452 

940-782  I 

1,140 

758  ' 
2.  :itX) 


Fresh  water  at  408  feel: 
strong  salt  waterat  from 
1.096  to  2.414  ft>et. 

Oil  well;  fresh  and  nit 
water  also  found. 

For  oil:  salt  water  only. 

Only  salt  water. 

Oil  and  water  wells. 

Salt  water  at  364  and 
1.195  feet:  abandoned. 

Oil  proj<pecl:  water  at  230 
and  820  feet:  saltwater 
at  420,  685,  and  775  feet 
and  gtxs  at  655  feet. 


(li      Many.    Sulphur    water   at   1.423 

I  ,      feet:  salt  water  below- 

Ci-5  I ,  Oil  and  gas  wells:  wai«» 


I 


Flows. 


at  811  and  1.078  feel. 
Salt  water  at  361  feet. 
Salt  water  and  some  oil- 
2  wells:  some  ga.s. 
,  Oil  at  bottom  of  well. 


1  Record  Kans.  I'tHV.  (Jeol.  Snrv.  Kept.,  vol. 
pi.  12:  vol.  3.  f)l.  24. 
^Ibid.,  pi.  11:  vol.  :i.  pi.  22. 


•■•Ibid.,  veil,  -.i,  p.  119.  pi.  2i». 

Mbid..  vol.  I,  pi.  18;  analysis,  vol.7,  p. 255. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN   KANSAS. 

Rojjort  (»f  J.  \V.  (irejiory,  field  anient  for  tlie  middle  division:  Fifty-lirHt  Congrea*^ 
first  session,  Senate  Kx.  Doe.  No.  222,  pp.  H5-172,  Washinjzton,  ]H\Ki. 

Water  resonrees  of  a  ]»ortion  of  the(ireat  I'lains,  I )y  Robert  Hay:  United  States 
(ieolo^ieal  Survey  Si.\teenth  Annual  l\ej>ort,  18^4-^'),  part  2,  pj).  5,Sr)-t588,  platt*s, 
Washington,  ISa'). 

The  I'niversity  (reolojjieal  Survey  of  Kansas,  by  Krasinus  Haworth  and  aj^sistiint^J, 
vol.  1,  :^2()  i)a^'es,  ])lates,  To|)eka,  IStX). 

Report  of  the  Board  of  lrrij>rati(»n,  Survey,  and  I'xj>ennient  for  18wr>  and  189(>  to 
the  Le;::islature  of  Kari.sis,  2:)S  pa^es,  j)lates,  Topi'ka,  1S97. 

The  I'Uiversity  (ieoloj^ieal  Survey  of  K a n.«as,  Special  Report,  by  Kra.snms  Haworth 
and  W.  R.  Crane,  vol.  :{,  .UT  pages,  plates,  Topeka.  1S«)S. 

Mineral  Resources  of  Kansas,  1S98. 

The  Tnited  States  (ieolo^rical  Survey  Bulletin  No.  IIJI,  p.  llo.  Washington,  1895. 

Mineral  waters,  by  K.  H.  S.  Bailey  and  others:  I'niversity  (ieological  Survey  of 
Kansas,  vol.  7,  1902. 

Preliminary  report  on  the  geology  and  underground  w.iter  resources  of  the  central 
(Jreat  Plains,  by  N.  H.  Dartoir  I'nited  States  (ieological  Survey  Professional  J^aper 
No.  :V2,  Washington,  1905. 
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57 


fttion. 


5  DiileiiHOUth-  j 

Junction     (3  i 
•uth««At).s         I 


Depth. 


Ftet. 

1.200  : 

1.370  I 
1.511 


4  mileMHouth). 

6  mileMHOuth). 

rowniihip 

iiX     (1     mile  I 

iric    (U    miles 


miles  west )!^... 


ilv: 
le.. 


nty: 

p  unknown)... 


County: 
n* 


wn  .. 
my: 


punlcnown). 

nty: 

ille" 


'ountv: 
le 


ndiuK . 

ty: 


t)(2miles«'ajit) 
ty: 


iiy: 


Diame- 
ter. 


Incite*. 


eiSO   . 
k     400  '. 

1.715  I 

2,100 
1.5H0    . 
2,025 


13-10 
13-10 

"i6^)i 


Yield  per 
minute. 


GaU. 


Height  of 
water,     i 

FrH.       i 


RcmarkB. 


2,322 

-Hi. 411 
560 

(XK) 


+    km; 


I 


•  untcnown l.WK'v-l 

nty 


250  ! 

i 

007  j 

4hO 

(lUO 

700 

400 

(KM) 

ISO 

•Mi) 
(KM) 

ST.') 

(WNi 

,  «Ktt) 


Several  fpui  wells. 

Salt  water  at   abont  700 
feet. 

Oil  well. 

Gas  well. 

For  oil  or  gas:  unsuccets- 
ful. 
Do. 

(iHs  well. 

For  oil. 


Oil  and  gas. 

CnsuoceMHful. 

For  oil;  unsucceflsful. 

For  oil  or  gas;  in  progress 
1M99. 


Se\-eral  gas  wells  In  vicin- 
ity: salt  water  at  400 
feet:  strong  brine  attiOO 
feet. 

Oil,  gas,  and  coal. 


Much  water  nt  1,650  feet. 


I 


Some  gas  and  oil  at  bot- 
tom. 

Small  showing  tif  oil  and 

gas. 
Oil  well. 


4    1 Brine   iit    765   f*»el:    jKior 

water  helow. 

.Salt    water   at    7mo    ft»et; 

none  below. 


Hut  little  giif. 
No  water  supply. 
For  oil. 


Many 


Kl.»\vs 


.')7«> 


own 

11  y 

SpriURs      Id 
I 
near)'-' 


(HHt 
IN) 


Surv..   I'etroUMiin.  Oh^,  vW  , 

id.,  p.  Ifvl. 

155-156. 

8.  (Jeol.  .surv.  F«»Iin  No.  «;<».  p 

)    J<!  (Jeol.  Surv.   Kcfit  .  Vol. 

Surv..  PetroU'iini.  (Jas.  rtr.. 
-l«i. 


f.y  K 


i^.  1«KK) 
I-.  ,.p. 

e»y  K 


.Mauv 


Flow- 


Ni>  waler  U'low  ;io  fvvt. 
'leinp  .  (ili'^. 


KM)     For  oil  or  ga-:  unprtMliie- 

live:    niueh   salt    water 
at  1.175  feet. 

*  Keeord.  Ky.  Geol.  Surv,,  Dewriptlou  of  Jack- 
son PureliaseKegioH.  i>p.  321-32(». 

»*  Hec'onl  and  HiialvNtM,  Ohio  (Jeol.  Surv.  Kept.. 
IhSS.  vol.  (i.  i.p.  2UH-300. 

■'Ky.  (ieol.  surv.,  Petroleum.  (Jas.  etc.,  by  K. 
Or  ton*,  pp.  I»i2-1(K5. 

'"Ilnd..  p.  VJ\. 

•'  Kv.  (Jeol,  Surv.  Kept.,  vol.  1.  new  .ner..  p.  W. 

•'-  Reeord.  Pa.  (leol  Surv.  Kept..  Vol.  1*,  p.  840. 
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DEEP   BORINGS   IN   THE   UNITED   STATES. 
KANSAH— Continued. 


[X0.149. 


IxM'Htion. 


Wilson  County: 

Benedict  (m.)Uthea8t  of)  j 


Benedict  ( near) 

Do 

Buffalo 

Buffalo  (2  miles  west)... 
Fredonia' 

Do 


Neodesha*. 


Do. 
D(». 
Do. 


Neodesha  (near)  . 
Woodson  County: 

Neosho  Falls 

Toronto* 

Do 

Do 

Wyandotte  County: 

Kansas  City^ 

Do 


Dcptli. 


Feet. 
2.414  I 


827 

l.a')0-l,147 

1.170 

400-XOO 

1.224 

2. 41 4 

1,101 


Diame-    Yield  per    Height  of 
ter.         minute.        water. 


Remarks. 


rt2,400  ! 
1.310 
2.414 

1.078 


Jiichcs.      Gatloutt.  I       Ffcl. 

J:i-6: I Fresh  water  at  409  feet; 

St  rong  sa  1 1  water  at  from 
i  1.090  to  2,414  feet. 

8i-5  ]l Oil  well;  fresh  and  salt 

I      water  also  found. 

4i For  oil:  salt  wateronly. 

Only  salt  water. 
Oil  and  water  welU. 

Salt  water  at  3&t  and 
1.1»5  feet:  abandoned. 

Oil  prospect:  water  at  230 
and  H20  feet:  saltwater 
at  420.  6S5.  and  775  feet. 
and  gas  at  6fth  feet. 


•I- 


None. 


.1 


81-5  ' 


1,27.')  , 
1,452 
<M0-782 
1.140 

758 


Many.  , Sulphur    water   at   1.42 

I      feet;  salt  water  below. 

I  Oil  and  gas  wells;  water 

I  at  811  and  1.078  feel. 

' '  Salt  water  at  361  feet. 

I        Flows.     Salt  water  and  some  oil- 

2  wells:  some  gas. 

,  Oil  at  bottom  of  well. 


•  Record  Kuns.  Vu\y.  (ieol.  Surv.  Kept.,  vol. 
pi.  12:  vol.  3.  pi.  24. 
•-•Ibid.,  pi.  11:  vol.  A,  pi. '22. 


•Mbid..  v.)l.  a.  p.  119,  pi.  2:». 
<lbid.,  vol.  1,  pi.  18;  analysi.s,  vol.7 


p.'2&5. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  KANSAS. 


Report  of  ,1.  W.  (Jre^ory,  iwU]  agent  for  the  micMle  <livision:  Fifty-first  Congre^^* 
fir^t  nession,  Senate  Kx.  Doc.  No.  222,  pp.  14.5-172,  Wa.*^liin^ton,  1890. 

Water  rcsonrooH  of  a  ]>ortion  of  tlie  (ireat  IMains,  l>y  Robert  Hay:  Unitetl  Statt^'* 
(ieological  »*<urvey  Sixteentli  Annual  Report,  1S94-9.'),  part  2,  pp.  .'>.V>--588,  platt*^^ 
Wasliintrton,  189.^ 

The  rniver.«ity  (Geological  Survey  of  Kansas,  l)y  Krasinus  Ilaworth  and  asyi8tantj==* 
vol.  1,  ;i20})age.«,  plates.  Topeka,  189(>. 

Report  of  the  Board  of  Irrigation.  Survey,  and  Experiment  for  18V).'>  an<l  189(>  t#' 
tlie  Legislature  of  Kansas,  2.'W  pages,  plates,  Toju-ka,  1S97. 

The  University  (Jeological  Survey  of  Kan.«as,  Sj»ecial  Rej)ort,  hy  Kra.Minus  Hawortl 
and  W.  H.  (Yane,  vol.  :i,  :U7  pages,  ].late.s  Topeka,  189S. 

Mineral  Resources  of  Kansa.«,  1898. 

The  I'nited  States  (ieological  Survey  Bulletin  No.  I'M,  p.  115,  Washington,  189.5. 

Mineral  waters,  hy  K.  JI.  S.  Bailey  and  others:  lYiiversity  (Jeological  Survey  n^ 
Kansas,  vol.  7,  1902. 

Pn-llminary  re]»ort  on  (he  geology  and  underground  water  resources  of  the  c^entral 
(Jreat  IMains,  hy  N.  II.  I)art«)n-  I'nited  States  (Jeological  Survey  Professional  Pa|H'r 
No.  :!2,  \Vashingt(»n,  190r>. 
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Lonation. 


Barren  County: 

GlasfTOwi 

G1a.«^KOW  (5  mile«HOUth- 
we«l).« 

GImkow    Junction     (3 
miles  southeast).* 
Bell  County: 

IMneville 

Boone  County: 

Walton 

Boyd  (vounty: 

Ashland  ( 4  miles  south ) . 

Ashland  (6  miles  south). 

Ashland  Township 

Catlettsburg      (1     mile 
west).* 

Catlett)ibuTg    (1|    miles 
south). 
B4)yle  County: 

Atolia  (14  miles  west)*... 

Danville 

Perryville 

Bracken  County: 

Brooksville 


Depth. 


Diame- 
ter. 


Breathitt  County: 

(TowiLship  unknown) . . 

Breckinridge  County: 

rioversport  • 


Butler  County: 

,     Morgantown 

^'loway  County: 

,     Paducah ' 

*nir»bell  (bounty: 

Newport* 

*''tor  County: 

(Township  unknown)... 
"ri*«lian  County: 

Hopkinsville* 

umberland  County: 

Burketville 


'    Cloyds  Landing . 
^vie«»  County: 
C)wenstM>ro '« 


Do. 
Do. 


Feet.        j    Jncliet. 

1.200  I 

1.370    


1,511 

650 
4^     400 

2.100 
1.580    . 
2.025 

2,322    . 

+  1.414    . 

.')60 
6.T0 

C»0    . 

JCiO    . 

i 

.'lOO    . 

I 

1,250    . 

2,007  j. 

1,4S0  I. 

I 

1.600  1. 

1,700    . 

+     400    . 

1,000  . 


13-10 
13-10 

"io^ej 


Yield  per 
minute. 


OaU. 


I 


Height  of  I 
water.     | 

Ftet. 


Remarks. 


Several  gas  wells. 

I  Salt  water  at    about    700 
i      feet. 


Owensboro(2mileNeast) 
'layette  County: 

Lexington 

•■'etning  County: 

KlizHVille 

''oyd  County: 

Township  unknown 1,005-1,930 

'''^nklin  County: 

Frankfort 

•■^ilon  County: 

Hickman 

p  i>o 4    ;»7«, 

'•*^ni  County. 

Willfamslown MM) 

*'»"Hyw)n  County 

CJrayson       Springs       ((»  l.CKK) 

miles)  " 

Pactolus(near)»2 i.^n) 


Brine    nt    765    fret: 
I  I      water  Im'Iow. 

1,480    'salt    water   at    7so 

none  below 
1.200 
1.000 


j  Oil  well. 

!  Gas  well. 

For  oil  or  gas;  unsuccess- 
ful. 
I         I>o. 

Gas  well. 

For  oil. 


Oil  and  gas. 

rnsuoce>«ful. 

For  oil:  unsuccessful. 

For  oil  orga.«<;  in  progress 
1K99. 


Several  gas  wells  in  vicin- 
ity: salt  water  at  400 
feet:  strong  brine  at  600 
feet. 

Oil,  gas,  and  coal. 


Much  water  at  1,650  feet. 

.  Some  gas  and  oil  at  bot- 
tom. 
I 
Small  showing  of  oil  and 

Kas. 
Oil  well. 

I»oor 

feet; 


600 


H3() 


But  little  KHv. 
No  water  supply. 
For  oil. 
5  w.'lls. 


Many 


Flows 


.Many 


Flows 
UK) 


,  '  Kv.  Geol.  Surv 
^Uon,  p.  154. 


Petroleum,  (Jas,  etc.,   by  K. 


'Record.  Ibid.,  p.  Ibi. 

Mbid.,  pp.  155-156. 

< Record.  U.S.  Geol.  Surv.  Folio  No.  69.  p  3. 1900 

''Retford,  Fa.  2d  Geol.  .Surv.  Kept..  Vol.  P.  pp. 
340-341. 

*Kv  Geol.  Surv.,  Helnjieum,  (ias,  etc.,  oy  K. 
Onon.  pp.  191-193. 


No  wattT  Ik'Iow  M)  feet. 

'lemp  ,  C.iy. 

For  oil  (»r  >;as;  unpHxhic- 
uve:    iiiiu-h   wilt    water 
'  al  I.IT.'S  feet. 

•  liecord.  Ky.  (Je<j|.  Surv..  l)t's<'ri{>li(»n  of  Jack- 
son Purchase  Bei^ion.  pp.  321-:{26. 

*Ke<'or<laiHl  analysis,  Ohio  (ieol.  .Surv.  Kept.. 
ItiHH.  vol.  6.  T)p.  298-;ibo. 

"Ky.  (ieol.  .*<nrv..  Petroleum,  (ias,  etc.,  by  K. 
Or  ton,  pp.  Ui2-1(H5 

"Mbid..  p.  194 

"  Kv.Geol.  Surv.  Kept.,  vol.  1.  new  ser.,  p.  92. 

•ii  Record,  Pa.  (Jeol  .Surv.  Kept..  Vol.  1&,  p.  340. 
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DEEP   BORINGS   IN    THE    UNITED   STATES. 
KENTUCKY— Continue<l. 


[saHft. 


Tx>eatioii. 


Depth. 


DIame-    Yield  per 
'      ter.        minute. 


Greenup  County:  I 

Greenup  (U  miles  east)  .1 


Greenup  (1  mile). 


Feet. 
MO 

+1,300 


±1,500 
400 
423 


Hancock  County: 

Hawesville  > 

Hardin  County: 

Westpoint  (vicinity)* 
Harlan  County: 

Cloverfork 

Harrison  County: 

Cypthiana  1,000-1,300 

Henderson  County: 

Henderson  s , 

Do.* 

Henderson  (near) 

Henderson     (16     miles 
south).* 
Jefferson  County: 

Louisville  (Dupont's)*. . . 


Inches.      Gallowt. 


+    469  I. 

+  900 ;. 

1,024    . 

430  or  636  L 


Louisville    (Phcenix 

Brewery). 
Louisville      (St.      Pat-  i 
rick's).  ^  , 

Louisville  (Haynes's  I  _,.__ 

farm). »  ! 

Louisville  (McGehee  1,000  |. 

farm). "  i  , 

Jessamine  County:  I 

Harrodsburg  ^near) I  485  | 

Keene i  2,000  ,. 

Johnson  County:  I 

Township  unknown i  1,318-1, 750  \. 

Kenton  County:  , 

Covington.., 

Lawrence  County:  i 

Blaine  Creek  mouth* 


2,066  ;               3  264 

l.tlOO  I              8  Many. 

1,900  ! I  Many. 

1,000 


I 


Height  of 
water. 


Feet. 


-    8 
FiowV. 


+  170 

+  60 

Flows. 


Blaine     Creek     mouth 
(U  miles  from ).>•> 

Griffith  Creek 

HiXKl  Creek  »i 

Laurel  '•' 


1.360 
2, 597 
1,840 


2,407  , 

1.6'25 

1.625 


»3 ,  1,840-2.597 

Lonisrt  (2P  miles  west)  »<  '  2, 105 

Louisa    (9  miles  south-  I  2.407 

west)Ji  ' 

Townsliip  unknown 

Lee  County:  | 

Township  unknown H15 

Let<'her  Count v: 

WhitesbufK 

Livingstcm  C<»uiitv: 

Smithland »''..' 

Smithland  (Taylor  farm) 
Lyon  County: 

Kddy ville  (below ) 

(irand  Rivtrrs  (near) 

Madison  County: 

I'anola 


Remarks. 


Some  oil  at  400  feel;  «ll 
water  at  500  feet;  abtn- 
doned. 

Some  oil  at 580  feet;  aban 
doned. 

Salt  water  only. 

For  gas;  unsuccesBful. 


Several  wells. 

Coal  prospect. 
3rine. 
Do. 
2  wells;  one  yields  gas. 

Mineral  water:  temp..***^* 

(or  761  o?). 


Temp.,  57.2°;  salt  water  ^ 
Some  gas  at  400  feet. 
No  product. 


Water  unfit  for  use. 
For  oil  40  years  ago. 

2  welLs. 


For  oil  or  gas;  unproduc:^ 
live. 
Do. 


Oil  well. 

Sulphur    water   at     1,60^ 
feet. 

For  oil  or  gas;  unsuccess- 
ful. 

For  oil  or  gas;  unproduc- 
tive. 
Do. 


400  I I I Salt  wells. 


1.200 rnsuccessful. 

+  1,500  1 ' 


1.315 
1,315  1 


Magoffin  County; 
Hendricks... 


1,700  4 

2.484  ;  H-5 

Petroleum,  (las.  etc..  by  E. 


I 


Water -200  to  300  feet. 

Oil  prosf»ect;  abandoned. 

Salt  water  at  150  and  1.700 
feet. 


'  Ky.  (Jeol.  Surv. 
Orum,  p.  194. 

■•«  Record.  I'a.  (Jeol.  Surv.  Rept.,  Vol.  P,  pp.  180- 
181. 

sRecorti.   Kv.  Oeol.  Surv.  Rept..  lH,'>4-5r>.  pp. 
32-3<5;  Petroieu'm.  (Jas.  etc..  pp.  195-19(i. 

■♦Kv,  Oeol.  Surv..  Petroleum.  Gas  ,  etc.,  p.  19.'>, 

Mbid.,  p.  m?. 

"Record  and  analysis.  Am.  Jour.  Sci.,  2d  ser.. 
vol.27,  pp.  174-178. 

"Kv.  ueol.  Surv.,   Petroleum,   Gas,   etc..   pp. 
169-170. 


Stune  oil .  no  water  below 

825  feet. 

Mbid..  p.  173. 

"Record,  Pa.  2d  (Jeol.  Surv.  Rept..  Vol.  V\  pp. 
3;i5-3:UJ. 

>'»Ibid.,  pp.  33("»-337.  V.  S.  Geol.  Surv.  Folio  No. 
105. 

'Mbid.,  p.  339. 

13  Record,  Pa.  2d  Geol.  Surv.  Rept.,  Vol.  l'\  p. 
3:^9. 

J-^ibid..  pp.  335-339. 

»Mbid.,  p.  ;«8. 

»''lbid..  pp.  337-338. 

»<>Ky.  Geol.  Surv.,  Petroleum,  Gas,  etc.,  p.  198. 
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KENTUCKY— Continued. 


Location. 


Depth.      !  »•*"?«- 


MarifNi  County: 

Wftrtksld  (township).. 
Martin  Ooonty: 

Inez 

Do 

Wftrfield  (near)i 

Township  unlcnown . . 
Wsrfield  (township). . 
Meade  Cbnnty: 

Boones  Landingr  * 

Brandenbui^  * 

M€*rrer  0>unty: 

UarriKiMburg 

onio  County:  I 

Beaver  Dam  (U   miles 
.«iouthea8t). 

Hftitford  

ii&rtford  (1}  milennorth- 
ea8t). 
Oldham  County: 

LA^range  * 

Do.« 


Lagrange  (1  mile  south)* 
F**;iTy  (>)unty: 

Haxzard  ( near)  * 

Leatherwood    Creek 
(mouth).* 
l*ike  County: 

Township  unlcnown 

IViwell  County: 

Township  unknown 

**iil««ki  County: 

Greenwood    (3    miles 
southeast). 

Do 

Vnlon  (bounty: 

Morganfleld  • 

Uniontown i 

Cniontown  (Davis mill).' 
'barren  County: 

Bowling  Green  • 

Bowling  Green    (vicin- 
ity).* 
Bowling  Green  (15  miles 
northwest). 

Bowling  Green 

„.         Do 

»«yne  County: 

Moniicello 

"hii ley  County: 

Brummetts  Station 

Cumberland   Falls  (vi- 
cinity). 
Haljsey  (near) 

Williamsburg  (10  miles 

above). 
Township  unknown 


Do. 


Feet 
1.307 

2,200 

+1,307 

1,119 

1,790-1,826 

500-579 
400-765 

1.560 

900 

1.000 
+  1.300 


1,500 

1,200 

565 

+     400 
410 

1.590 

1.303 

1.600 

1,100 

525 

1,079 

+     400 

1,782 
600-1,200 


1,300 
600 

200-700 

1,000 
A     400 

.•SOO 

500 

1,900 
1.00:t 
1,715 
2.  u;« 
2, 141 


Inches. 


Yield  per  Height  of  I 
minute.       water.     I 


Remarks. 


GaJJUm*. 


2 

4 

5-6 


Feet. 


I  For  oil. 
I  Gas  well. 


!l  2  wells. 


Igas 
^ifs;  s 


;  Gas  wells;  some  brine. 


I 
Flows.     Water  at  1,100  feet ;  no  gas. 


No  oil   or  water;    aban- 
doned. 
Salt  water. 
Gas  and  salt  water. 


Flows. 


Flows. 
Flows. 


Flow  of  salt  water  at  1.400 

feet;  no  gas. 
Salt   water   at  1.200  feet; 

no  gas. 
Gas  well. 

Salt  well. 
Salt  wells. 


Foroil,  none  found;  aban- 
doned. 
Abandoned. 

Foroil;  abandoned. 
For  gas. 
Salt  water. 

But  little  oil,  gas,  or  water. 
Several  prospects  for  oil  or 

gas;  some  gas. 
Several  wells   yielding 

heavy  oil. 
Oil  well. 
Do. 

Oil  wells. 


5     Some  gas  at  300  feet. 
...    Salt. 


2  ' Coal  prospe«^t ;  some  water 

at  00  feet. 
6    FDfoil;  unsuccessful. 


4  wells. 


! 


'Record,  Pa.  2fl  (Jeol.  Surv.  Ropt.,  Vol.  I-*,  pp. 

a^-ato. 

•Kv.  Geol.  Surv..    Fetroleuiii,   (las.  etc.,   pp. 
1"&-1T7. 
Mbid.,  pp.  171-172,  176. 
♦Ibid.,  pp.  167-168. 


^Rcconl.  Ky.  Geol.  Surv.   Rcpt..   1K54-55,    pp. 
:i6-3y. 

•^Ky.  (Jeol.  Surv.  Krpt..  1854-.V>.  p.  -^^2:^. 

T  Kv.  Geol.  Surv.,  IVlrolcuin.  (Jas.  etc..  p,  205. 

Mbid..  pp.  1.')9-1(10. 

9 Ibid.,  pp,  ltK>-162. 


PRINCIPAL   PUBLICATIONS    RELATING   TO    DEEP   BORINGS   IN 

KENTUCKY. 


Seventh  report  on  oil  and  ga.**  fieldn  of  western  Pennsylvania  for  1887-88,  by 
John  F.  Carll:  Pennsylvania  Second  Geological  Survey  HejiortH,  Volume  I*,  356  page**- 
Harrisburg,  1890. 
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Kentucky  Geological  Survey  Report  for  1854-55,  by  D.  D.  Owen,  Frankfort,  1856. 
Occurrence  of    petroleum,   natural  gas,  and  asphalt  in   western  Kentucky,  by 
Kdward  Orton:  Kentucky  Geological  Survey  Report,  1888-89,  232  pages,  Frankfort. 

LOUISIANA. 


lxx*ation. 


Acadia  Parish: 
Crowley 


Evangeline ' 

Avoyelles  Parish: 

Marksville 

Bienville  Parinh: 

Arcadia  (Railroad  well). 


Arcadia  (compresB) . 
Boflsier  Parish: 

Bossier 


Ck)llinsburK    (6  miles 
southwest  of,  at  Lake 
Point). 
Caddo  Parish: 

Dixie    (3  miles    south- 
west of). 

Furrh 

Shreveport  ( ice  factory )« 


Shreveport  (Texas  and 
Pacific  Junction). 

rni 

Calcasieu  Parish: 

Calcasieu , 

Edgerly 


Fenton  (S  miles  south- 

ca.st )  .3 

U»kc  Charles 

Do* 

Do 

Uike  ("harles  (lUxilUio 

l*ark). 
U»ke  Charles   (2    miles 

east  I. 
Uike  <'harles   (2    miles 

S4)utliea.st).^ 
Money  Hill 


Depth. 


Diame-  1  Yield  per    HeiKht  of  | 
tcr.      '■  minute.        water. 


Remarks. 


Feti. 


635 


I 


Inches.    '  GallonK 
4  ,  312 


Feet. 


1,500-2,600 
I 
+  1,282  ^ 

MO  I 

585*1 

600  I 


6  ,  Pumps  347  gallons:  temp-. 
62°:  supply  from  120  w 
180  feel. 
Many  oil  wells. 


oberlin  (G  miles  south-  i 
east,  at  Spring  Hill).*    I 

Sulphur" 

Do- I 

Doe I 

Sulpliur  (G  miles  south-  | 

west  ).'•' 
Sulphur  Ci  miles  wesi)9..' 

Vinton '" 


I)«»'i 

Vinton  (i  miles  north)'-'. 


Welsh''-' 

(ahlwell  Parish: 

Coltnnltia 

<  ameron  Parish- 

HaikltirrN  . . . 
t'jilaliouia  Parish: 

I.elantI 


16-4  I , I  Oil  well  inprogresB. 


600  I 


8-6  I 
5-34. 

4!. 

i 
2ii. 


50| 


750  I 
^96  , 


561  I 
(.50  , 


2.200  I 
535 


2,100 

535 

500 

510 

2,400 

498 

2. 200 
+  1.500 

■ir,o 
i.'2;iO 

mi 

:      800 
1.000 

r^iu 

;')00 

1 .  :hx) 

1,457 
l..s,^0 


-130  I  Water  at  40,  165,  and  520 
i      feet;  hard. 

-  36  I 

-  30     Water  at   225   feet;  bl*/ 

I      clay,  no  water  250  to  t^ 
I      feet. 
15  '  Water  232  to  242  feet;  bl«-- 
1      clay,  no  water  242  to  ^ 
feet. 


j  Hard,  salty  water;  aba* 

I      doned. 

I  No  water. 

-^   15     Brine  with  gas;  temp.,  83?" 
I      fresh  water  at  200  feer- 
I      which  pumps  25gallon 
"  50  I  Water  a  1 280  feet;  no  walfc- 

I      below. 
I  No  water. 


No  flow. 


Oil  well;  salty  water. 
Pumps  1.800  gaUons  p«r- 

minute:    water    vcr^ 

warm. 
'  Oil  well;  abandone<^l. 


G-4  i 

(*>  I 

tM  '. 


UVI 

210  1 


+  18     Fotir  wells;  temp..  64°. 
Flows.  I 

Flows.  I  Two  wells. 
For  oil;  unsuccessful. 


100 


•260 


Flows. 
Flows. 


1 

-f  :r> 

1 

gI    

+    r. 

Do. 

Artesian  salt  water,  l.OOG 
to  1  .tX)5  feet ;  hot  artesian 
salt  water.  2.200  feet. 

For  oil:  unpriKluctive. 


Sulphur  test  well. 
Sulphur  lest  well:  stronK 
I      flow  of  artesian  water. 

oil  well  in  progres.*!. 

For    oil;    abandoned    in 
la r^^e  gravel. 
I  .Artesian    sulphur    water. 
I      4(H)  to  600  feel. 

1  Oil    well    abandoned    in 
'      large  Kravel. 
.Vhandonedoil  well:  many 
oil  wells  in  this  vicinitv. 


Foroil;  unpro<luctive. 

.Sail  water  with  gas.  temp. 

.s<'..4^\ 


'  La.  (ieol.  Surv.  Kcfit..  11K)2,  p 
Surv.  Bull.  212.  pp.  127  i:W. 

-  Record,  Im.  (Jeol.  Surv.  Kept. 
:*r.  S.  (Jeol.  Surv.  Hull.  212.  p. 
<  La.  «M««il.  Stuv..  P.KJ2.  p.  '240. 
•'  Reeonl.  ibid.,  p.  271. 
«La.  .ie(»l.  Surv..  1902.  p.  '270. 


.  iH'.n).  p. 
i:{7. 


-;.  Geol. 
200. 


•  Record,  ibid..  ISVID.  i>.  '25. 

**lbi(l.,  19(r2.  p.  272. 

'■T.  S.  «;eol.  Surv    Hull.  212.  p.  i:i7. 

'"Ibid.,  p.  i;i.'>. 

"  La.  (ieol.  Surv..  1«H)2.  p.  211. 

•M'.  S.  (ieol.  .Surv.  Hull.  212,  p.  136. 
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LOUISIANA— Continued. 


LncAtion. 


:iaiborae  Parish: 

Hayncsville 

"oncoraijt  Parish: 

Ferriday 

>e  Solo  Parish: 

Frietaon  (2|  miles  north- 
east), 
•last  Baton  Rouge  Parish: 

Baker* 

Baton  Rouge< 

Do 

irant  Parish: 

Colfax^ 


I^>nock. 


Rochelle 

[bcria  Parish: 

A?ery     Island     (Petite  I 

Anse.)* 
Delcambre     (Jeffersons  ' 
Island.)* 

Do 

Jeaneretle* 

Weeks  (Grande  Cote)' .. . 
Jackson  Parish: 

Jonesboro 

Do I 

Jonesboro  ( 1  mile  south, 
, ,      at  Plymouth). 
Linc>in  I>arish: 

Huston  (waterworks)  ...i 


Huston  (compress) . 
Madison  Parish: 

,    lielta 

^Atchitoehes  Parish: 

Cik)ldonna 

Luella 


Martha villc    (3  miles 
west,  at  Boleyn).  i 

Montrose j 

Natchit(»che8     (Normal  | 
School)." 

Do 

•"Itmns  I*arish:  , 

New  Orleans* 


Depth. 

Feft. 
600 

9S0 

1,600 

850 
758 
760 

1.128 

910 

565 

1.005 

2,090 

442 
700 
500 

545 

5:^ 

521 


449  ' 
1.200 


Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Inrhrg. 
4-3 

GaUonti. 

1 

Feet. 

-  20 

Flows. 

8-4 

10 

Flows. 

2 
8-4i 
10-6 

2i 

+  16 

350 

-    6 
Flows. 

40 

+  65 

8-4 

2 

Flow. 

1 

Flowx. 

1 

1 

Remarks. 


Soft  water. 

Brine. 

Salt  water  with  gas  at  iMM: 
temp..  70°. 


Pumps  350  gallons. 

Temp.,    62°:   salt    water: 

much  gas. 
Artesian  water  at  225  feet; 

no  water  below. 
Salt  water  with  some  gas; 

pum(>s  75  gallons. 
Rock  salt  below  166  feet. 

R(K'k  salt  below  344  feet. 


40  ' 


34 
31 


68  I 


110 
-140 
-  38 


475 
707  ' 


496 
726  , 


Flows. 
+  20 


6    . 

fi-24. 


457 
600-700  ' 


Do... 
I)o.»  . 


New   Orleans  (2   miles 
north,  at  Lake  City ),"» 
►uarhiia  Parish: 

Cheulere  (3miles»r)uth- 
ea.Mt ) . 

Monroe  (ice  factor>-) 

Do 

Monroe  (light  and  pow- 
er house). 

Monroe 

Do 

Monroe  (one-half  to  U 
miles  north), 
^pides  Parish: 

Alexandria      (water- 
work.s ) . 

Do 

Alexandria  (city  square) 


1,000-1.200  I 
1,356  I 


90C 


18.=> 
400 
■^KX^ 

f  4(K>  I 
»  400 
*  KX)  : 


7-3i 


50 
20 


4-2 1 


Alexandria i 

Alexandria  (ice factory)  ; 

Alexandria I 

Alexandria  (ice  factory  ^ ' 

Alexandria  (railroad  I 

well).  ' 

>U.  (Jcol.  Surv.  Kept.,  iy(L'. 
« Ibid.,  p.  2-29. 
'Record,  inid.  p.  211. 
Mbjd..  Kept.  1899,  p.  244. 
*lbid,  p.  266. 


TOO  1 

10-1 

Al.\  \ 

1-1 

m\ 

2 

5S0 

h 

f.'il 

S 

9-24    .. 

s.=>n 

6-4 

Flows. 
-     4 

Flows. 

^  15 
Flows. 


Flows. 

f  40 
Flows. 
Flows. 

->-  40 
Flows. 
Flow. 


RiX'k  s»ilt  below  140  feet. 


Water  at  360  to  380.  418  to 
4:^0.  492  to  520  feet. 

Water  from  100  to  126  and 
373  to  4-25  feel. 


No  water  below  135  feet. 

Test  well. 

Artesian  salt  water  at  640 
and  700  feet. 

Bored  deeper  and  lost 
flow. 

AbandontHi;  no  water. 

Salt  water;  pumps  25  gal- 
lons. 

Salt  water. 

Many  wells;  water  brack- 
ish. 

Several  wells:  tcnip..r)«°. 

Sally,  gas  escancs  830  cu- 
bic feci  in  24  hours. 

Temp..  78°. 


Artesian  water  2«;5  to  275, 
;t">5  to  430. 4rM  to  515  feet. 
Soft  water. 
Do. 


Many  artCMian  wells 
Soft  water. 
[\  wells. 


.lOi 

-  m 

-  4i> 
(H) 

125 

Fl«>ws. 

I».  IM). 


I'umpiuK  capacity  250  gal- 
lons. 
Do. 
Flowed  until  eity  water- 
works installed. 
Do. 
.\t)andone<l. 

Do. 
Soft  water. 

Water  at  850  feet:   aban- 
doned. 

"Ibid..  1902.  p.  232. 
MtiKl..  1899,  pi.  27. 

f  RcC<»rd.  I^.  Ge<»l.  Surv.  Hcpt..  1902.  p.  210. 
PIblfl..  pp.  221-'222. 
'Olbid.,  p.  222. 
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Location. 


Rapides  ParlMh— Continued. 
Boyce  (railroad  well)  ... 


IMneville  (State  insane 
asylum). 

Pineville 

Do 

Sabine  Parish: 

Loring 


Loring  (1  mile  we8t,  at 

Plymouth). 
Negreet  > 

Noble 

Plymouth 

St.  I^ndrv  Parish: 

Melville  (10  miles  Kouth) 


St.  Martin  Parish: 

Breaux  Bridge  (Ansc  la 
Bulte).2 


l)o.3 

St.  Mary  Parish: 
Belle  Isle «... 

Do 

Do 

Do 

Do 

Crawford 


Depth. 

Ftet. 
810 


720 
428 


I 

Crawford  (2  mik-s  south,  i 
at  Cote  Blanche ). 

Glencoe* ' 

Do 

St.  Tammany  Parish: 

Abita  .'^priuKs^' I 

Covington- | 

CoviUKton  (1  mile  cast.  , 

at  ClailM)rnc). 
Covin  Kt  on    (2  miles 

north),* 

Covington      (10      miles  I 

northwest,  at  Single-  I 

try  s  still)." 

Mandeville  Junction^,..' 

Tangipahoa  Parish:  ' 

Hammond'" 

Do 

Vernon  Parish: 

Piclcering I 

Webster  I'arisJi:  j 

Yellow  I'lm- 

West  FelH'iana  ParisJi. 

Bavou  .Sara 

Do I 

Winn  Parish:  i 

Coldwater  (Drake's  Sail 
Works).  I 

Doiison  ( 1  mile  south,  at 

Pvbnrn ). 
Dodson  CJinilcsMnitli.nt 

Winona). 
Winnlield  , 


Winona 


Diame-  I  Yield  per 
ter.      I  minute. 


Inchts.   \  GaUonM. 
6-4  I 


566 
630 


400  ' 
621 


2, 103  , 


+  1,261  ' 
i 
400  I 
400  , 
465  ' 
660  ! 
748 
692 


012 

585 
572 
6;«)  , 

010  I 

5<'.0  ! 


570 
-178 

740 

1,015 

730 
450 

1.011 

000 
451 
700 
154 


«1 
I 


2i 
2    . 


30 


Height  of 
water. 


21 


fleet. 
f  18 


-100 


-100 
+  18 


-100 
Flows. 


+  2 
-  32 


Remarks. 


Weir  caved  and  abi 
doned;  arteaiaii  Irnii 
water  at  300  and  CS 
feet  artcitiaD  salt  wtler 
at  808  feet:  temp..  MP. 


Oil  well;  atmndoned. 


Water  at  188  to  190.  220  to 
2S0,  251  to  264.  4S6  torn 
460  to  462,  605  to  507,  S24 
to  628.  536  .to  540.  545  to 
549.  560  to  566,  670  toTM 
feet. 

Salty  and  alkaline. 

Artesian  water  at  212  a»* 

850  feet. 
Water  from  160  feet 
Salty. 

Soft  artesian  water  at  ^^ 
to  555  feet:  strong  ar«* 
sian  sulphur  water  ^ 
2.003  feet.  . 

Abandoned  oil  well:  *^- 
tesian  water  at  366  to  2**^' 
feet.  ,, 

Oil  well:  in  progress;  n^^ 

water  at  1,261  feet. 
Rock  salt  below  270  feec^^ — 
Quicksand. 

Rock  salt  below  240  feet  — - 
Rock  salt  below  370  feet^ 
Rock  sail  below  248  feet— - 
Pumps  347  gallon.^:  temi^  - 
62°. 


Flows.  I 

+  15  ' 

Flows.  I 

Flows.  1 

4-lH  i 

I 

Flows. 

"""  +  i2* 


Temp..  73°. 
Do. 


4-3  1. 

I 


1 


Artesian  water  at  300  feet. 

No  water. 

Do. 
Temp.,  t^. 


vy 


fli"")     .<alt  water;  temp.  .75°. 

IS     2  wells;  company  refu.«*es 

informalion. 
90  I  .\handonefl:     too     much 

ouieksand. 
Flows.     Soft  water;  shells  common 

from  20  to  490  feet. 
•H)     T«)o  much  (jUick-sand,  well 

abandoned. 


1  Record.  V.  S.  r,oo\.  Surv.  Bull.  212,  p.  5.S. 

2  Ibid.,  pp.  130-131. 
a  Ibid.,  p.  63. 

<  Record.  La.  Geol.  Surv.  Rept..  1899,  p.  224. 
*Ibid.,  p.  258. 


•■'La.  (;col.  Snrv.  Kept., 
"Ibid.,  p.  221. 
«Ibid..  p.  227. 
oibid.,  p.  223. 
I'' Record,  ibid.,  p.  228. 


HKVJ,  p.  220. 
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PRINCIPAL   PUBLICATIONS   RELATING   TO  DEEP  BORINGS    IN 

LOUISIANA. 

Subterranean  waters  of  Louisiana,  by  G.  D.  Harris:  Geological  Survey  of  Louisiana, 
Report  of  1902,  pp.  203,  260, 

Oil  in  Louisiana,  by  G.  D.  Harris,  ibid.,  pp.  2H5-275. 

Underground  Waters  of  Southern  Louisiana,  by  G.  D.  Harris. 

Oil  fields  of  the  Texas- Louisiana  Gulf  O  astal  Plain,  by  C.  W.  Hayes  and  William 
Kennedy:  U.  S.  Geological  Survey  Bulletin  212,  1903, 

Geology  and  water  resources  of  northern  Louisiana  and  southern  Arkansas,  by 
A.  C.  Veatch:  Prof.  Paper  U.  S.  Geol.  Survey  No.  46.     (In  preparation.) 

MAINE. 


Location. 


Cumberland  County 
Portland 

'^^^nnebec  County: 
Augusta 

"«ncock  County: 
C&stlne 


Depth. 


Fed 


Yield  per   Height  of 
minute.  I     water. 


FeH. 


Remarks. 


I.. 


-100     Rock  at  100  feet. 
No  flow.     In  granite. 

-27, 


MARYLAND. 


^'leifany  County: 

(^mberland. 

Froetburg 

^^nif  Arundel  County: 

^  ^Bay  Rid»e 

»*Ulmore  cfty: 

National  Brewery . . 


Mai  tby  property. 

Spring  Garden  Brewery , 

HanniM  Distillery 

Bauemsebmidt's  Brew- 
ery. 

Von  Der  Horst's  Brewery, 

Brehm'K  Brewery , 

Ad  ler'8  Brewery , 

w*Uimore  County: 

ArbutuR 

Seawall 

i^parrow.^  Point 

^^^W  County: 

Elkton 


Do 

Do 

*  Varies  County: 

Indian  Head 

*^redenck  County: 

Frederick 

^«rrelt  County: 

Deer  Park 

'^Ui^en  Anne  County: 

Center\'ille  > 


^naersel  Countv: 
Criafield...:... 


Do 

^  Do.«.... 

Talbot  County: 

Claiborne*. 

Eaaton 


6(>5 


1,018 


1.033 
1.090 


440 

600 


2.000 
700 

8 
li 

6-4 

6 

None. 
None. 

20 

200 
Many. 

•170 

460 
900 

No  flow. 
No  flow. 
No  flow. 
No  flow. 

.'iOO 

800 

400 

25 

25 
120 

435 
1,300 

8 

No  flow. 
No  flow. 

800 

775 

562 

None. 

495 

490 

2i 

400 

407 

463 

1,140-996 

2,010 

6 
5 

11 

70 

No  flow. 

+3 

FlowM. 



Abandoned. 
Do. 

Irony  water. 


Many. 

Pumi>s 
'200. 
130 

Near  snr- 
fact'. 

Flow.-*. 

Flows. 
Flows. 

Manv. 

Nont'. 

Notflnished;  in  gneiss. 

No  water  l>el(>w  210  feet. 

Water  ver>'  unsatisfactory; 

temp.,  45°. 
Abanaoned. 
Unsuccessful. 


Water  at  42h  and  665  feet. 


Flows  40  gallons;    saline 

water. 
Saline  water. 
Do. 

Water  also  at  3«0  feet. 
No  water  bcl(»w  100  reel. 


•Record.  N.J.  Geol.  Surv.  Rept..  1S99,  pp.  81-83. 
'Record,  U.  S.  Geol.  Surv.  Bull.  138,  pp.  128-130. 


^  r.  S.  Geol.  Surv.  Bull.  138.  p.  132. 
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[xaM 


Location. 


MARYLAND--Oontinue(l. 
Depth 


I  Dlame-  'Yield  perl  Height  of  > 
ter.   .  !  minute.       water,     i 


Remarks. 


Talbot  County— Continued. 

Tilghmam  Itland 

Tunis  MillH 


Wicomico  County: 
Salisbury^ 

Worcester  County: 
Pocomoke  City  >. 


FKt, 

870-420 


424 
496 


I  i  '  ' 

InckCM.  •  CkUUmt.        FeeL      i 

Many. 4  wells. 


Pumps  <       Flows. 
100.      , 


M 


I 


Flows. 


Flows  6  gallons. 


Water  at  287  feet 

Pumps  100  gsllODa  p( 
minute. 


1  ReconI,  N.  J.  Ueol.  8ur\'.  Rept.,  1800.  pp.  113-115.  >  Ibid.,  pp.  116-117. 

PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  MARYLAND. 

United  States  Geological  Survey  Bulletin  No.  138,  pp.  128-132. 
New  Jersey  Geological  Survey  Reports  for  1898  and  1899. 

MASSACHUSETTS. 


LfN'Htlon. 


Berluihire  County: 

Dalton 

North  Adams 

HtockbridKO 

BriHtol  <>>unty:  I 

Fall  RIver(?) I 

New  Bcdfora | 

New    Bedford    (ClarkH  , 

<'«)ve  (Juano  Co.). 
THUlltoll 1 

Franklin  Gountv:  I 

Tumcw  FaliM 

Hampden  C^uinty:  | 

•'"'fc::::::::::::::::! 

IH) 

D<> 

Hamiwhlre  County:  ! 

Northampton i 

!)«► I 

Went  Cumniington 

MiddleM.>x  < bounty:  I 

Maiden i 

Waltham j 

Wnlert«>wn 

Norfolk  Coiintv:  ; 

Fmnklln , 

Readvlllo 

\Vh1|>o1u 

Suffolk  County: 

Boston  

BoMtoii     ( F^iHtern    Cold 

StorajfO). 
BoHtori    (corner    Hiini- 
ingtoti     II  yen  tic    iind 
(Jnineslxiro.Mtri'et). 
KoNton     (rorner    Com- 
mercial   Htid    rrlnee 
Hlrects). 
BfMton    ( N<».  5J4    Trovi- 
den<'c  street). 


Depth. 


+fOO 
fiOO 
660 

407 
610 
604 

976 

900 

400 

MOO 

?J0 

1.00.1 

3.710 

4.022 

('•25 

O.'iO 

mi 


Diame-   Yield  per  Height  of 
ter.      I  minute.  ■     water. 


incheM.   I  Gailtma. 
I     Many. 

8  I  626 

«  ; 


No  flow. 
—4 


76 

21,     No  flow. 


62  I 


6  i !     No  flow 


400 


20 
«00  '  20 

400  -14  , 

Many.       N«>  flow. 

7       No  flow, 

21      .No  flow. 


Very  few 


700  I Many. 


No  flow. 
No  flow. 


Remarks. 


Verj'  hard  water. 
UnNUccemful. 


Water  too  irony. 
Water  too  hard. 


Water  too  irony. 

rnsiieeemfnl. 

Do. 
Water  too  Inmy. 

Water  of  fair  quality. 


460  I 

60»  I 

I.OIK)  I. 


15 


AlU 

4U0 

s 

70 

512 

8 

Few. 

1.750 

2,fio:j 

7JI 

No  fl<.\v. 
No  flow. 

No  How. 


B«wtoii  (Park  s(}imre) | 

2,5«J7 

(Tarn  bridge    (l>ow 

S<»ap 

50l» 

W<.rkH). 

1 

Cambridge  (MorM> 

and  1 

4«2 

White  Htreets). 

1 

Cambridge 

t«) 

l)oreheMtcr 

K70-9IN) 

Roxbury 

5(rj 

Do 

KW 

WtireestiT  County: 

Pniieeton 

900 

j;;;;;;;;;t--;- 

1 

No  flow 

(i  1 

20 

Had  water. 


Sulphur  water;  goo<l  w 
459-4K4  feet:  well  al 
doni><l. 

No  water  Iwlow  600  fe 

CnMiccessful. 

Do. 

Do. 
2  wells*;  water  ver}'  m 


Few. 
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MICHIGAN. 


[on. 


Depth. 


Diame- 
ter. 


Bay      River 


ear)* 

(3* '  in  Vie  » 


^115'=^. 


Injcs" 


Jentoii   Har- 
een).»» 


west  of)=" .. 


FerX.        I 
1.215 

1,275-1,400  ' 

650  I 

1.026-1,209  . 

1.025  ; 


1.850 

774-9W)  , 
715-1,200 

505 

1,600 

l.OOa-1.007 

•2,  Hfi.'> 

755 
WO 
HlO-1, 133  ' 
465 

1.000  ' 

1,000-1,013 
3.  hW 

1.020 ; 

1.800 
2.200 

1,205  ■ 
1.400 

750  I 

s:J 

1.43S 

1,140 

700-1.600 

600 

447  ' 

1.200  i 
2.200 


Inches. 


10-6 

8 


10-5 


Yield  per  Height  of 
minute.       water. 


Remarks. 


OcUiom.         Feet. 
None j  Abandoned. 


200 


Several  borings  for  oil ;  not 

much  found. 
+20    Temp.,520;  several  wellt. 

i  Several  nit  wells. 

Salt  well;  flow  of  mineiml 

water  at  400  feet. 

For  oil;  unsuccessful. 


Salt  wells. 

Numerous  salt   wells  in 

vicinity. 
Salt  wells  In   upper  salt 

beds. 

2  wells. 

Brine  at  2.141-2,306  feet. 


2  Malt  welK 


160 
Many. 


Flows. 


Salt  well. 
Several  salt  wells. 

Drill  hole  for  copper  ore. 


Temp..  58«;  mineral  water. 


15 


-80 

-30    Abundant  yield  of  strong 
mineral  water. 


+15    Temp.,  60°. 


Strong  brine  at  870  feet. 

Water  at  223  feet;  brine  at 
282  feet. 


440  , 

AW 

440 


Several  wells. 

-16     Water  at  116  feet  only. 


FIOWM. 


nty: 


1. 5(X)    I'nsiiccessful. 

2, 2(H) Water  at  87  feet:  brine  at 

I                 I  ;V^7  feet. 

1 .  TjU) 

•2,  :W0 Water  at  yo  feet:  brine  at 

'  7H0  feet. 

400-4x2                  s    ,          Flow.  Temp..  46-. 


h.  (ieol.  Surv.  Rent..  Ixsl-LVK^  vol, 

-45.  pi.  4. 

-47.  pi.  5. 

Surv.  Rept.,  1h73-187«),  vol.  ',1.  part 

d..  p.  1S2. 

i.,  1881-189:i.  vol,  ,\  part  J.  p.  :>U, 

m,  vol.  8,  part  2.  p.  170. 

i93.  vol.  5.  part  2.  t».  oh. 

tale  Boardof  (Jeol.^urv.of  .Mioh.. 

h.Geol.Surv.  Kept..  1ksi-isi»3.  vol. 

1873-1x76.  vol.  3.  part  1.  p.'>>. 

903,  vol.  8,  part  2.  j..  169. 

id,  187:M876.  vol.  A.  part  1.  p.  1>2. 

1.  Rept.  State  Board  (»1  <;eol.  Surv. 

)p.  224-226. 

h.GwI.Snrv.  Rrpt.,  l*'8l-lv)3.  vol. 

pi.  18. 

)— 05 5 


'♦.\nalv-is,  ibid,,  p.  .VJ. 

»-^  Record,  ibtd,.  p.  51.  pi.  7. 

'".Vnn.  Rept.  Slate  Board  of  Geol.  .Surv.  of 
Mioh  .  lyoi.  p.  2i:^. 

'•Heconl.  .Mich.  Geol.  Surv.  Kept.,  1881-1893, 
vol.  n.  part  2,  p.  7:t.  pi.  41 

»"Ann.  Repl.  Stale  Board  of  Geol.  Surv.  of 
Mien..  IWl.  pp.  2U-21I. 

i"Rroord.  Mieh.  Geol.  Surv.  Rept.  187:J-1876, 
vol,  A.  part  1.  p.  93. 

2" Ibid.,  pp.  si-Hs. 

='  Ibid..  18ol-1.^9.i.  vol,  5.  pari  2.  p.  51.  pi.  10. 

y-'lbid..  p.  50. 

=3  1  hid.,  p.  67. 

-Mbid..  p.  55,  pi.  16. 

-U'.  S.  (ieol.  Surv.  WnterSup,  and  Irr.  Paper 
.N'i».  M\  p,  87. 
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MICHIGAN— Continued. 


Location. 


Depth. 


Cheboygan  County: 

Cheboygan » 

Do 

Do.« 

Indian  River 

Chippewa  County: 

Neebi.«<h  Inland'. 
Clinton  County: 

St.  Johns 

Do.* 

Crawford  County: 
Grayling 

Do.*  ft. ".'.'!.' .'."!". 
Delta  County: 

E.seanaba* 

£aton  County: 

Charlotte  T 

Do 

Emmet  County: 

Petoskey 

Genewe  County: 

Flint" 


Fret. 

700 

452 

2.750 

414 

565  ' 

1.-200 
(m  I 


;  Diame-  ,  Yield  per    Height  of 
ter.        minute.  ,     water. 

!    Inches.   '  Gallotm.         Ft  ft.       \ 

I         i6^8   ToHurface. 

1 2"  ['.'.'...'.['.. -i2", 


Remarks. 


I 


Gladwin  County: 

Gladwin ' 

Do 

Gratiot  County:  i 

Alma« 

Ithaca'" 

St. Louis" i 

Hillsdale  County: 

Hill.Hdale'« 1, 

Houghton  County: 

Lake  Linden 1, 

Huron  County: 

Casevillc? 1, 

Do.i* 1, 

Grindstone 

Do.  >3 

HarlM)r  Bench '» 

NowKiver»* 

Did  Bay  Port" 

Pigeon  River »3 


2,560  I 
2,750 


2.209  I 
730  I 

575 ; 

1,200 


400 
400 

2.863  ' 

637 
1,314 


J  L'nsuccessful. 
.    Waterworks  well. 

.    Many  wells. 


-18     Temp..  50°. 


Salt  well;   fresh  water 
'260  feet. 


-  2  ' 

-  72     Several  wel Is:  good  \vm 
Deep  well. 


350-1,550 Brine  at  1.100  feet. 


602-1,508 

760-1,770 
760-2.270 

1.080  ' 
(?)  1,000 
+702 
1,029 
2.000 

l./«K) 


12-8 


100 


Port  .\ustinH 1. 19H-l,2-.>n 


Port  Crescent'^ 

Port  Hopc*"^ 

.Sandbeach'* 

Do.'- 

Verona  .Mills  tncari  i''... 

Whilcroi'k  ''^ 

Ingham  Couuly: 

Lansing    "  magn«M  ic 
well." 

liiinsing  Hotel 

Ionising  Reform  School  S" 

MiLHo!)  ( near )  '■" ' 

Meridian  (near)  « 1 


1,250 
787 
702 

1,920 

400 

5.V>-1.311 

1,^00 

740 

401.409 
.M4 


Salt  wells. 

Do. 

Abandoned. 

.*^alt  well. 

Do. 

Do. 

Salt  well;  never  in  op« 

tion. 

Pigi'on     River     Furn 

Co.'s    salt    well    (\t 

I^ke  Huron  Inm  Co. 

Salt  wells:  sweet  wate 

3.W  to  1,100  feet. 
Salt  well. 
Do. 
Do. 
For  gas;  un.successfnl. 

Several  salt  wells. 


FIo\v>.     Saline  water;  lenij>..5J 


1  Mich.  (k'ol.  Surv.  Rcpt..  1881-189:^.  vol.  \  pari 
2,  P.  rxi. 

2  Record.  Ann.  Rept.  State  Board  of  (icol.  Surv. 
of  Mich..  1901,  pp.  2:i<)-2;n. 

«Rc<'ord,  ibid.,  p.  227. 

M<ccor<l.  Mich.  Geol.  Surv.  Rcpt..  nKK>-190:^. 
vol.  8,  part  2,  p.  19<). 

ft  Record.  State  Board  of  Geol.  Surv.  of  Mich.. 
1901.  pp.  2:il-232. 

Mbid.,  pp.  228-229. 

7RiTord.  Mich.  Geol.  Surv.  Rcpt.,  1881-189.3, 
vol.  \  part  2.  p.  '»3.  pi.  8. 

Mbid..  p.  hS:  187:^1876.  vol.  3.  part  1.  p.  97. 

''Analysis,  ibid.,  pp.  4.V4»i;  i  .  S.  (ieol.  Sun'. 
Water-Siip.  and  Irr.  Paper  No.  31,  p.  S<i;  reconl. 
Mich.  Geol.  Surv.  Rcpt..  1900-1903,  vol.  8,  part  2, 
p.  175. 

>«  Record,  ibid.,  pp.  6;i-i>4. 

'»  Mich.  Ge«.l.  Surv.  Rept..  190(V1903.  vol.  8,  part 
2.  p.  174 


'2  Record,  ibid..  1XM-1H93,  vol.  5.  i»arl  2,  p. 
1873-I87r..  vol.  :i.  part  1.  p.  81. 

i^Mich.  (ieol.  Surv.  Hept.,  189t>-19tX\  vol.  7,  i 
2.  p.  '2:21. 

'♦Record,  ibid..  1s^I-IK93,  vol.  5,  part  2,  pp. 
76;  lH7;^187r..  vol.  :J.  part  1.  pp.  77-78;  anah 
1).  Im:^. 

•'•Ibid.,  p.  70. 

I'.Vnalvsis.  ibid..  1S7:{-187«).  vol.  3.  part  l.p. 

'<  Record,  ibid..  IS'U -18y:i,  v(.l.  5.  part  2,  pp. s\ 

1"  Ibid..  ls%-19(K),  v(.l.  7.  part  2.  pp.  175-176. 

i>Mich.  (ieol.  Surv.  Rcpt..  187:i-1876.  vol.  3.  \ 
1,  pp.  76-77:  analvsis,  p  IM:  record,  1x81-1893. ' 
5,  part  2.  p.  wi;  IMHVP.MK).  \o].  7,  part  2,  p.  160. 

2"Rec(>r<l.  ibid.,  pp.  117-nH. 

='  Ibid.,  1900-1903.  vol.  s,  part  2,  pp.  216.  217. 

=  Ibid.,  p.  207. 
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MICHIGAN— Continued. 


ition  Denth  Diame-    Yield  peri  Height  of 


Remarks. 


Fed.  Inches.      Gallons.         Fed. 

408   1 

400-«00               8  '    Many.  I           -h    7  No  water  below  802  feet, 

i  temp.,  56°. 

450 Flow  of  sweet  water  at  800 

I                   I  feet. 

447  2 -     U 


iss '  905   1 1  Salt  well. 

1.070-1. KX^   ..• Saltwells. 

\* ;  905 Salt  well. 


ty: 


.   2,100-2,455   Flows.     Several    wells.     Flow   of 

I  '  water  at  1.050  feet;  hot 

I  I      water  at  1.820  feet. 

2,700   Abandoned. 

200-400  10       Many.  -    9     Large  water  supply:  sov- 

I  '      eral  wells. 


2,250 


pjds' ,  2,200   Fresh  water  with  gas  and 

brine  at  bottom. 
'  (?j700    ; 

>■•  I 

1,020  I Fresh  water  at  190  to  200 

I  feet:  salt  water  at  648  to 

'  710  feet, 

nty:                    !                       i 
Point    (Carp  | '  8   j  +  15 

It 700  1  8   1-10     Sulphur  wattfr  300  feet  In 

I  '                 ,                 I                          rock. 

tity:  I                  ' 

I  1,  fi50   Mineral  water  at  805  feet; 

'  ,1      abandoned. 

1,800   ' 

■ i  2,402    

1,700    

+1,275      


»unty: 
iniy: 


5.=)0   i  Gas:  abandoned. 


919  s       Manv.  Flows.     Strong  sulphur  water. 

I.lrt6  

ity:  I 

'mens^« 1,060-1,241  .Several  mineral  wells. 

l.JtiS                5i 

more '  • 1 .  640  ' 

l,r,00  -600 

'J 1,947-2,270   Numerous   salt   wells   in 

town  and  vicinity. 
Black  water  at  960. 
Some  oil  at  1,905  feet. 

2.015  10-5    -   15     2  salt  wells. 

1,900    4  wells. 

1,972    


I 


2, 221) 

I.TkW 

•  1      mile  2, 260 


iiy: 

Is 1.3«)()    Many.  :«)     Mineml  water. 

'ounty: 

ee ^M)0 


ich.Geol.Surv.  R<-i)t..  isTii-ixTr,.  vol.  "Keconl.  Micli.Geul.Siirv.  Repi..  1900-1903,  vol. 

34-13*.  it,  part  2.  p.  21n. 

-1893,  vol.  5,  ]»art  2.  p.  :>7:  analvsis,  i*Ibid.,  lSSl-1893.  vol.  5.  pari  2.  p.  79.  pi.  63. 

.  8,  part  1,  p.  1H4.  li  Record.  .Vmi.  Rcpt.  State  Board  of  Geo).  Siirv. 

bid.,  1873-1876,  vol.  :i.  part  1.  p.  In',.  of  .Mich..  1901.  p.  228. 

id.,  p.  79.  "•  Record  nud  Analysis.  Mich.  Geol.  Surv.  Rcpt., 

1893,  vol.  5.  part  2,  p.  6.'>.  pK.  2:i-25.  lssi-lS93,  vol.  5,  part  2.  pp.  70-71.  pi.  42. 

,  pi.  26.  >'  Re<;<»rd.  Ann.  Rept.  State  Board  of  Geol.  Surv. 

.  pi.  20.  of  Mich.,  1901.  pp.  221-222. 

.pi.  22.  "Record,  Mich.  Geol.  Surv.   Rept.,   1881-189:;, 

.  pi.  1.  vol.  5.  part  2,  p.  78,  pi.  59. 

nn.  Rept.  Sint<-  Koanl  of  Geol.  Surv.  JTbid..  p.  ^,  pis.  30-32;  Ann.  Rept.  State  Board 

.  p.  219.  of  Geol.  Surv.  of  Mich.,  1901,  p.  235. 

219-220.  »>v.  84,  pi.  65. 

.  State  Board  of  Geol.  Surv.  of  Mich.,  2»  Ibid.,  p.  66.  pi.  27. 

25  Ibid.,  p.  66,  pi.  29. 

»«Ibid..  p.  64;.  pi.  28. 
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DEEP   BORINGS    IN    THE    UNITED   STATES. 
MICHIGAN— Continue. 


[No.m 


Ix>cation. 


Midland  County: 

Midland! 

Do 

Monroe  County: 
Monroe* , 


Depth. 


Feet. 
1,300-1.325 
400 

1,765 


Muskegon  Countv: 

Muskegon  (vicinity)'...! 

Do.» I 

Do.s ' 

Do.* i 


Do.&. 


Diame-  i Yield  per   Height  of 
ter.        minute.  1     water. 


Jucheg. 


Oallonn. 

Many. 

Several. 


FrH. 


Remnrko. 


-H     4 


miles 


Do 

Oakland  County: 

Pontiac« 

Royal  Oak 7.... 

Do." 

Ogemaw  County: 

West   Branch   (S 

southwest)  .•  1 

Roscommon  County:  I 

Roscommon ' 

Saginaw  County:  I 

Blackmar ; 

Carrollton 

EastSaginawi" 

Melbourne 

St.  Charles" 

Saginaw ; 

Do.>« 

Saginaw  (southeaj»t).i  ♦. ..' 

Salina  " 

Zilwaukee>* 

St,  Clair  County: 

Algonac" 

Algonac    (5   miles    be- 
low)." 

Marine  City  i« 

Marine ritv  (city  well) '». 


+2,050 
1,515 
1,500 
1.230 

•2,627 


2.000 

1,506 
1,400 
2.502  I 

403  ' 


600 

1.764 
743-^00 

H)6 

950 
800-900 
741-830 

860 
1,764 

715 
800-860 

1,614 
1,727 


Well  now  plugged:  water 
somewhat  sufp^uroas. 

Ryerson-Hills  well. 


Flows  of  mineral  water  at 
333  feet  and  648  feet 

Strong  flow  of  mineral 
water  at  703  feet,  Wne 
at  2.400  feet. 


Salt  water  at  1,100  feet 


Some  oil. 


Salt  well. 
Several  salt  welK 
I  Salt  well. 

I  Salt  wells. 
Numerous  salt  wells. 

Brine  at  350 and  1,655  feet 

Several  wells. 

I  Salt  well, 
I         Do. 

.470-1,7:^7    ' I  Several  salt  wells  in  and 

1 ,  777 Flow 


Marine  (it  V- 
Maryville^i. 


Port  Huron 

Do 

Do.i--' 

Port    Huron    dj    mil  cm    . 
northwest '. 

Port  Hun)n--> 

Port  Huron  DetTspring.. 
St.  Clair-'* 

Do.  '^> 

Do.  ^•' 

Do.  •-<  


near  town.  ^^ 

'  Clear     water     1.170-1.3''' 
I      feet. 

1.751  I Salt  well.  ,. 

1 .  150  ' ;  Salt    water    at    74.i   i*^\ 

mineral  water  970  ^^ 
985  ft^et. 
m)  s-«',  I 

7'2.H  10-s    -  19  I 

4'.>.**-7Ho    (ia,s  wells. 

Flows. 


1 .  TOO    (ias  and  salt. 

745   - 150  I  Slightly  mineral  waler^ 

919  I I  Salt  wells. 

]A\S'Z  ' 3(X)  I  Sail  well. 

1.S07 I 

l,H.w 1  Do. 


1.  Surv.  Rept..  1H81-Is93.  v<il. 
1. 


>  Record.  Mi  eh.  (uM 
5.  part  2.  [>.  f>9. 

2  Ibid..  i>.  70.  pi.  -11. 

'Record,  etc.  Ann.  Kept.  State  Board  of  ( 
Surv.  of  Mich..  1901.  pp.2:«-2:i4. 

« Record,  Mich.  <;eol.  Surv.  Kept..  ]h.s1- 
vol.  5.  part  2,  i).  71.  i>l.  13;  187:}-1m76.  vol.  3.  p(i 
p.  84 

,  1873-1^76.  vol.  'A.  part  1 


I.s9:v 
rt  1. 


Mbid., 
•Ibid.. 
Ubid., 
«Ibid. 
•Ibid., 


.  p.  .S5. 
1H81-1S*»:{,  vol,  .').  part  2.  i».  7.').  pi,  47, 
,  p.  79. 

.  p.  79.  pi.  tSO. 

,  19(X)-1W3   vol.  H.  part  2.  p.  V^. 
I'^Ibid..  1^91-189;',.  vol.  5.  part  2,  p.  55;   1873-1870. 
vol.  3.  part  1.  pp.  91-96.  analvsis.  p   lH:i. 

"  Ann.  Kept.  State  Board  of  (ieol.Surv.of  Mich.. 
1901.  p.  '224. 

^'■i  Record.  Mich.  (Jeol.  Siirv,  Rept..  1S.S1-1S93.  vol. 
5.  pan2.  p.  79.  analvsl**.  ibid..  1873-1870.  vol.  3.  part 
l,p.l82. 


'Mbid..  1873-l.S7r..  vol.  3.  part  1.  pp.  9C>-97. 

»« Ibid.,  19<X)-19(»3,  vol.  8.  part  2,  pp.  175-176.       _ 

'•<  Analvsis.  ibid..  187:i-187G.  vol.  .3.  part  l.p.  \f^ 

'•^Reconl,  ibid..  1881-1893,  vol.  5.  part  2.  p. -^ 
pl.  3. 

»' Ibid.,  pl.  2. 

'''Ibid,,  p.  ('.7.  pis.  :>A-[is. 

'9  Ibid,,  p.  67.  pl.  39. 

*'  Ann.  Kept.  State  Board  of  Geol.  Surv.  of  Micl»  - 
1901.  p.  241. 

-'  Record.  Mich.  Geol.  Surv.  Kept..  1H81-1893,  vo^ 
5.  part  2.  p,  as.  pl.  40. 

•Jsibid.,  1873-187(;.  vol.  3.  part  1.  p.  77. 

2^  Ibid..  189«>-19(X).  vol.  7.  part  3.  pl.  1. 

2<  Ibid.,  1881-1893.  vol.  5.  part  2.  p.  79.  pl.  62. 

2-lbid..  pl.61. 

=♦' Record,  etc..  Ann.  Rept.  State  Board  of  GcoU 
Surv.  of  Mich..  UH)1.  p,  22J, 

■-•  Record,  ibid.,  p,  241. 


I>ABTO.\.I 


DEEP   BORINGS   IN    THE   UNITED   STATES. 


69 


MICHIGAN-Continued. 


Location. 

-  Depth. 

Diame- 
ter. 

Yield  per' 
minute.  1 

1 
Galloru. 

Height  of 
water. 

Remarks. 

St.  Joseph  County: 
Constantine  ^ 

I        Feet 
^                 680 

+i,oso 

800 

675 
i          605-600 

1         -^ 

624 
685 

907 

'       .          635 

1,000 

1,300 

1,3-26 
770  or  775 
890 
965 
808 
730 

770 

2.097 
(i31 
1.370 
2.  ')00 
600-800 
1,300 
1,603 

1,029 

Inches. 

Feet. 

Strong  brine  at  882  feet. 

Do.« 

Florence 

miies' 

Salt  wells. 

Sanilac  County: 

Cro8well» 

1 

Waterworks  well 

Foreutville 

Abandoned  and  filled  up 

Lexington      ( 3 

wmth).4 
Marlette^ 

1 

Valley  Center*.. 

ShiawaMsee  County: 
Corunna  ' 



1                 1 

Durand* 

Owoes(»  •  - .  . 

Brine  at  634  feet 

Van  Buren  County: 
Banjfor^'^ 

1 

Strong  brine  flows 

Washtenaw  County: 
Ann  Arbor'* 

6i 

Do.>2 

~io 

Milan's 

Ypsilantin 

Do 

north- 

. 

Do 

Wayne  County: 

Detroit  (9  miles 

ijome  KHs  and  water  at  165 
feet. 

Detroit  '^         ... 

Norris 

Trenton  '*        ... 

For  gas;  abandoned. 

Wvandotte  ** 

1 

1 

Abandoned. 

Do 

Do. »» 

Numerous  salt  wells. 

Wyandotte  ( near)  " 

New  River'* 

River     Rouge     Improve- 
ment C<».'m  well. 
Salt  well. 

1  Record.  Mich.  Geol.  Surv.  Rept.,  1873-1876,  vol. 
3.  part  1,  p.  93. 
-Ibid.,  1881-1893,  vol.  5,  part  2.  p.  M.  pi.  11. 
•Ibid.,  1896-1900.  vol.  7.  part  3,  p.  11. 

*  Ibid.,  p.  12. 

*Mich.  Geol.  Surv.  Rept.,  1896-1900,  vol.  7,  part 
3.  p.  3D. 
•Record,  ibid.,  p.  11. 

•  Ibid..  1881-1898,  vol.  5,  part  2,  p.  54.  pi.  12. 
•Ibid..  1900-1903,  vol.  8,  part  2,  p.  1?9. 

*Ibid..  1873-1876,  vol.  8,  part  1,  p.  97;  1881-1893, 
vol.  6,  part  2.  p.  78.  pi.  45. 

''Mnn.  Rept.  State  Board  of  Geol.  Surv.  of  .Mich., 
l»l.p.21l. 


"  Record,  etc..  ibid.,  pp.  214-215. 

'-•  Record.  Mich.  Geol.  Surv.  Rept..  1881-1893.  vol. 
5.  part  2,  pp.  47-49:  1873-1876,  vol.  3,  part  1.  p.  92. 

"Record.  Ann.  Rept.  State  Board  of  Geol.  Surv. 
of  Mich..  1901.  p.  219. 

»*  Record.  Mich.  Geol.  Surv.  Rept..  1881-1893,  vol. 
5,  part  2,  p.  54.  pi.  15. 

•«»  Record.  Ann.  Rept.  Stale  Board  of  Geol.  Surv., 
1901,  p.  217. 

'"Record,  Mich.  Geol.  Surv.  Rept.,  1881-1893, 
vol.  5.  part  2.  p.  87.  pi.  66. 

'^  Ibid.,  p.  218. 

'«  Record.  Mich.  Geol.  Surv.  Rept..  1881-1893.  vol. 
5,  jmrt  2.  p.  73;  1873-187t'».  vol.  3.  part  1,  p.  77. 


PUBLICATIONS  RELATING  TO   DEEP  BORINGS   IN    MICHIGAN. 

Geology  of  the  lower  Peninsula  of  Michigan,  by  C.  Roiiiinger:  Michigan  <  Jeological 
^uney,  vol.  3,  part  1,  225  pages,  New  York,  1876. 

The  Geology  of  lower  Michigan  with  reference  to  deep  borings,  etc..  by  A.  C. 
Une:  Michigan  Geological  Survey,  vol.  5,  part  2,  KM)  j)a^'es,  plate?^,  Lan^iing,  1895. 

Analyses  of  many  of  the  well  waters  are  to  be'  ioiunl  in  "  Lower  Michigan  Mineral 
^Vaters,"  by  A.  C.  I^ne:  U.  S.  (Jeological  Survey  \Vatt'r-Sup)»ly  an«l  Irriyation  Pajiera 
^*o.3l,  \Vaf*hington,  1899. 

Water  resources  of  the  lower  Peninsula  of  Michigan,  by  A.  ('.  LaiK*:  V.  .S.  Geolog- 
ical Survey  Water-Supply  and  Irrigation  Papers  No.  3(»,  97  pages,  jdates,  Wash- 
ington, 1899.  * 

Geological  report  on  Huron  County,  Michigan,  by  \.  C.  Lane;  Geological  Survey 
of  Michigan,  1896-1900,  vol.  7,  part  2. 

Coal  of  Michigan,  by  A.  C.  Uine:  Geological  Survey  of  .Michigan.  190(V1903,  vol. 
8,  part  2. 

Report  of  the  State  Board  of  Geological  Survey  ol  .Michigan,  for  1901,  by  A.  G  J 
Lane.  ^ 
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MINXESOTA. 


Location. 


Depth. 


Diame- 
ter. 


Bigstone  County: 

Graceville 

Do 

Blue  Earth  County: 
Lake  Crystal  — 

Mankato 

Do 


Feet. 


460 
522 


Inches. 

8-6 


Yield  per  I  Height  of  I 
minute.  |     water. 


Gallotu.  I 

40 
Several. 


Feel. 
-  60 
No  flow. 


Mankato  and  vicinity. 
Minneopa  Falls » 


Carver  County: 
New  Germany. 

Chisafl^o  County: 
>^^oming 

Clay  County: 

Moorhead  * 


Do.» 

Do 

C-ottonwood  County: 

Westbrook 

Crow  Wing  County: 

Brainerd 

Dakota  County: 

Hastings* 

Lakevule 

Mendota^ 

Dodge  County: 

Dodge  Center — 

Hayfleld 

Do 

Faribault  County: 

Blue  Earth 

Do 


Fillmore  County: 

Fountain 

Freeborn  County: 

Albert  Lea 

Freeljorn 

Goodhue  ('ounty: 

Red  Wing« 

Do 

Hennepin  County: 

Ea»t  Minneapolis* 

Minneapolis 

Minneapolis  (Lake\V(XKl 

Cemeter\-).« 
Minneat)Olis  (West  Hf>- 

tel).» 
Minnea(>oli8  (C,  M.and 

S.P.R.R.shops). 
Minneapolis    (Soldiers* 

Home). 
Minneafiolis    (Winslow 
House). 

Minneapolis 

Do 

Houston  County: 

Brownsville  ^" 

Isanti  ('ounty: 

Dalbo 

Kandiyohi  County: 

Atwater 


Kandiyohi  . 


2,2W  1. 

650     ; 

570-2,240  I 
1,000 

410 

505 

1,901 

1,425 
1,820 

600 

647 

1,160 
1,0H5 

H57 

504  ' 

545  ' 
I 
1.300 
1,240 


10,8.6  I 


I 


-  71 

-  90 
+  40 


Remarl 


2  wells;  granit( 


Unsuccessful. 
Several  wells; 

ruginoiis. 
Several  wells; 
I  I      water  rises  t< 

Many.  ' ,  Flow  at  540  fee 

I  I      water  at  940  f< 

I  I      at  940  feet. 

I Water  at  100  fe 


8-6  ,     Manv. 


12 


1 

1 

1 

, 



+  4 



1 

1 

1 

[            100              +  14  1 

10 

'-  10 

80 

-  88 

None. 

I 

i  Water  at  120.  1 
feet. 
Water  at  120  an 


Water  slightly 


Railroad  well. 


Many. 


-  30 

-  30  I 
>.20O 


First  flow  at  42 
ond  flow  at  4 


I 


-I- 


579 

t  <)<»0  I 
1)50 rusuccessful. 

I  I 

500  I  6  100  4    75     Flows  fnmi  190 

'''''\ , 

hm  I I 

1,431  I ' ISeveral    well 

2,150  I ' 

622    -M)  '  -   24 

I 


(    fnl. 
Water  at  U'>8  fe^ 


T 


1,421 

900  ; 


622-2.118  I Many. 

590  I '  I.IKX) 

55M    :XK) 

•153  '             .H-6  KH) 


45(>  ; 

X  (ias  in  Min- 


>  Record.  Minn.  Geol.  Surv.  Bull 
nesota.  pp.  2:^-24. 

*  Ref)ort  on  Irrigation,  52d  Congress,  1st  session. 
Senate  Ex.  Doc.  No.  41,  part  2.  1893,  pp.  72-74. 

'•Rtvord.  Rent.  Siwc.  C-omni.  V.  S.  Senate  on 
Irrigation  and  Re<'Iamation  of  Arid  Ij»nds.  vol.  4, 
1890,  p.  48;  Minn.  Geoi.  Surv.  Bull.  5,  Gas  in  Min- 
nesota, pii.  27-31. 

♦Retford.  Minn.  Gef>l.  Surv..  13th  Rept..  18M,  pp. 
.'ift-.S?:  jinalvsis  and  reconl,  Minn.  Acad.  Natural 
Sciences  Bull.,  vol.  3.  No.  1.  pp.  137-141. 

*  Record,  Minn.  Acad.  Natural  Sciences  Bull,, 
ro/.s.  So.  1,  p.  141;  Minn.  Oeol.  Surv..  J3th  Rept.. 

7,MV,  pp.  .1^5, 56. 


Wator-lwaring 

I  I      45. KM.).  Hn«l  :^1 
' rnsuccfssful. 

•^Ibid.,  p.  1I2;  Minn. (Jool.Snrv..  13th 
pp.  :>7-.=)8. 

'  Kecord.  Minn.  (u'ol.  Surv.  kt'i)t..  v 
pp.  154-156. 

"RtM'ord.  Minn.  AcM«l.  Natural  Scie 
vol.  :i.  No.  1.  pp.  137  r.i.s:  Minn.  (Jeol. 
Rept..  18H1,  pp.  TH).  .M. 

*.\nalysi.s.  ibi<l.,  p.  137:  n-cord.  M 
Surv.,  nth  K^'pt..  1HH5.  p.  11. 

>"Rec(»ni.  Minn.  (Jcol.  Surv..  i:^th  He 
59;  Rept.  Spvc.  Conini.  V .  S.  Senate  on 
and  Reclamation  of  Arid  Lands.  IS'H),  ^ 
Minn..\cad.  Natural  Scicnoci  Bull.,  vt 
p.  112. 
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MINNESOTA— Continued. 


I>K*ation. 


Depth. 


Diame- 
ter. 


Yield  per  Height  of 
minute.  I     water. 


Remarks. 


Kittwn  County: 

Humboldti 

Do 

St.   Vincent     (2     miles 
north  west  ).> 
Lincoln  (k)unty: 

Tyler : 

Do 

Lyon  County: 

Cottonwood 

Ghent 

Heckman  (S.W.) 

Marshall 

Tracy« 

Do!!!!!!!!!!!!!!!!!!! 

McLwKl  County: 

Glencoe 

Do 

Marshall  County: 

Stephen 

Meeker  County: 

^,   GnneCity 

-Mower  County: 

Austin 

Do 

V.  l>o 

->»eollet  County: 

Si.  Peter 

..  ,         Do 

->obk^  County: 

Worthlngton 

,.,  Do 

'"msted  Crninty: 

j^^    Rochester 

^^^  Count v: 

J..    PineCity 

'^Pestone  County:  , 

P     Hpe«tone I 

'Miinsey  County:  | 

Gladstone 

Mendota 

St.  Paul  (G.  N.  R.  R.)  ... 
St.  Paul  ( Elevator  Co. ) «. 
8t.Pttul(St.i*.ifeD.R.R.) 
Bt.  Paul  Transfer  Rail  road 
St.  Paul  (West.  M.  and  i 
N.  VV.  R.  R.). 

St.  Paul  city  well 

St.       Paul       (harvester  i 

works).* 
St.  Paul,  Wilguswell.... 
St.  Paul  Fair  Grounds .. . 
8t.  Paul.  Lake  Vaduals.. 
St.  Paul.WhiteBear  Lake 
St.  Paul  (Vaduals  I.ake). 

St.  Paul 

South  .St.  Paul 

Do 

White  Bear  Lake 

Red  Lake  County: 

Redlake  Falls 

Redwootl  County: 

Lamberlon 

Do 

Walnutgrove 

Renville  County: 

.  Olivia 

RiceCnnnty: 

Faribault 

.Vorthfleld 

St.  L<mb«  County: 

Duluth  (12  miles  west)"  . 

Fond  du  I^c 

Tower  (2  miles  east ) 


Feet. 

644 

(?)  1,600 

1,087 


+400 
+600 

465 
525 
506 
400-440  i 
724  ; 
597 
668  I 

1.640 
1,000  , 

800  I 

700 

750 
MO 
680 

498 
450 

600  ; 
530 

+960 

700 

537 

615 
857 
834 
850 
750 
575 
1,030 

1,06.5 
871  i 

625 
500 
726J 

92.5  I 
575.840 
487 
3.000  ! 


Inchen. 

Gallons. 

Feet. 

1 '■ 

1 :..::.: 

1 

2 
lJ-2 

2 

^10 

Flows. 

Flow. 

-  37 

-148 

8-6 

50 
50    . 

—  85 

Salty  water  at  170-180  feet. 


220 
150 
150 

t200 
250 


—  57 

—  6 

—  9 

—  9 


8  wells. 


No  succes.«j. 


Fine  water  from  600  feet. 


Unsuccessful. 


I 


12-li 

75  j            —  70 

—  30 

Flows. 

—  88 

—  36 

—  24 

1 

—  11 

10-8  • —    6 

8    —38  to -40 

' —    5 


For  gas. 


400 

+500  ; 

400  ! 


.VJO 
017 


1.5t)7i 

l.r»OH   . 

-J  00 


H-.>i  . 


U      Many. 


—  40 
— 10± 


•Record  and  analysis,  Minn.  Gool.  Surv.,  13th 
Rept.,  1884.  pp.  42-47. 

•Record,  ibid.,  14th  Rept..  1885.  j).  15. 

'Ibid.,  pp.  351-362. 

•Ibid.,  13th  Rept.,  1884,  p.  6ii;  Minn.  Acad.  Nnt- 
nral  Sciences  Bull.,  vol.  3,  No.  1,  p.  140. 


.*<lgns  of  gas. 

Hard   water.     Supplv    is 
from  300  feet. 

Mineral  water  at  1.22.>feet. 
Salty  water;  bored  for  gas. 
Diagonal    drill    hole    in 
i  i      gneiss. 

*  Record,  Minn.  Geol.  Surv.,  13th  Rept..  1884. 
pp.  59-63;  Minn.  Acad.  Natural  Sciences  Bull., 
vol.  3,  No.  1,  p.  140. 

•Ibid,.  Bull.  5,  Gas  in  Minne.«*ota,  pp.  31-35. 
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[NO 


Location. 


Depth. 


Diame-    Yield  per.  Height  of  | 


ter. 


'  minute.        water. 


Remarks'. 


Bcott  County: 

Belleplaine 

Jordan 

Merriam  Junction . 
Sherburne  County: 

Elk  River 


Sibley  County: 

BiHmark 

Henderson  .. 
Do 

Winthrop 

Steele  County: 

Owatonna... 
Stevens  County: 

Scott 

Swift  County: 

Benfion 

Do 

Traverse  County: 


Fed. 
710 
(?)650 
661 

513 


407 
750 
707 
413  I 
I 
640  I 

+400 

47S  ' 
650 


Inches,   j  GalUnui.  .       />rt.       | 


6 


Many.  '  +    4  I  Several  wellu  in  \ici 

j      only  flow  is  at  308 1 

1  I 


10-8 


400  1 
•.'.•iO  I 


+  70  '  Temp.,  50°. 


I 


Xo  water. 


Brown  Valley^ 

465 

425, 4S5 

438 

S20 
690 

1,157 

3,500 

541 

451 
.^) 

944 

47S 

51  r^ 

+  4S5 

Do 

Wheaton 

Wabasha  County: 
Lake  City  - . 

1 

Plal  n  vie  w 

10-8  ' 

.v.. 

11K8  , 

100    ... 

200  1 

1 

i 

300  1 
1 

-120 

-  27 

-  2K 

-  10 

Wa»e(^a  County: 

Waseca 

Washington  County: 

Stillwater" 

For  gas.  unsuccesHfu 

Watonwan  County: 

St.  James 

ter  at  162  and  80( 
some  salt  water  a 
feet  and   some  e 
2,250  feet. 

Hard  water 

Do 

Wilkin  County: 

Campbell 

6 

fxV) 
ISO    ... 

Rothsav 

Winona  C< unity: 

St.  Charles 

Winona  . 

Temp..  54°:  cased  17 

Do 

Do 

Wright  County: 

Monticell6 

rm 

-       IS 

(JrKKl  water. 

1  Record,  Minn.  Geol.  Siirv..  14th  Kfpf..  1SH.S.  ]..  -  Ibid.,  bith  Kent..  IHM.  p.  58;  Minn.  Acml 

14;  Kept.  SiK'c.Comra.  V.  8.  Senatt^  on  Irrigation  ural  Seieiices  Bull.,  vol.  'A.  No.  1,  p.  142. 

and   Reclamation  of   Arid  Ltinds,  vol.  4,   1S90,  'Ibid..   Bull.  .'S.   das  in  Minnesota,  i>i». 

p.  48.  Am.  <;eol.,  vol.  :?.  p.  :^43. 

PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  MINNESOT 

Minnesota  (Teological  Survey,  Thirteenth  Annual  I-feport,  for  1884,  by  N 
Winehell,  19H  page?^,  jjlate}?,  8t.  Paul,  1884. 

Minnesota  (Teolo^ical  Survey,  Fourteentli  Annual  Uepdrt,  for  1885,  jmrt  1 
N.  H.  Winehell.  165  jmgres,  St.  Paul,  1886. 

Minnesota  .Academy  of  Natunil  Sciences  Bulletin,  vnl.  .1.  N<>.  1,  Proceedings 
Accompany iujL'  Papers,  188.V188H,  by  C.  W.  Ilall,  160  pa^'es.  }»lates,  Minneaj 
1889. 

Natural  pis  in  Minnesota,  by  X.  If.  Winchell:  Minnesota  <  H'oloj.;ical  Survey  t 
tin  No.  5,  :;9  pages,  St.  Paul,  1889. 

Report  of  the  Special  Committee  of  the  Vnited  State.<  Senate  on  the  Irrigatioi; 
Keclamatiou  of  Arid  Lands,  vol.  4,  88()  ]»ages,  Washingltm,  is^O. 
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Kitchw  .*...... 

dereUnd  *.,... 

tfRdtlr . 

n^nilj  Comity: 

CiiTftUtQti  „  „ . . 

Do 

niirtfcijir  Cfiunty: 

Kii'ii'iaii  ,.,.,**, 

I  itulnua 

LH) ,.... 

n»f  ke  County  : 

BiTOiiL  ;,....., 

Enierprl*e 

?h  |]bDt« *  ^ . 

Wwi  Point 

•  yahoma  County : 

Eaglwnwt 

Jonestown 

Lyon 

^  opi&h  County: 

We*on 

1).. 

lUnw^-k  Count  v: 

Bay  St.  Louis  . . . 


Depth, 


1,CC0 

1»'.K)0 
WO 

410 
4UQHJ=: 


Do.. 
Do.. 


Lflfftown 

noktjrone 

waveUnd 

Do 

H»rTi!ion  Count  v: 

BUoxl 

Do 

'i»lfw)rt 

Handwboro 

Howtvn 

■     i;)n«be»ch 

MMwippiCity 

I>o.i:...... 

^  Df,.i 

1^  Christian 

»Ti>8  Christian  (3  miles 

ea*t.. 

Niiicler 

^^ip    Island     ( quaran- 

linei.i 
^hip    Wand       light- 

hou{i<>i.i 

^Vorthani 

,,    ,    lx> 

Jatt-rm  : 

,,,      Do 

Holmes  Count v: 

Tohnla...: 

Dr> 

IX. 

IW, 

,    ,     Do 

Jaikson  C<«n!y: 

rontainebleau 

Mosjpoint 

Do 

^>ctan  Springs 

••^ranton 

I)f> 

IK) 

Ik. 

,         Do 

Ellinville 


Lafaretie  ( 


^>xford 


County: 


Dlanie-    Yield  pi!r    Height  i  if 
ter*        tnliiute.       water* 


3,^ 

4  I 

4 

i 


7fi-I00 
100 


Flow. 
FlowH, 


ea  I      Flow*. 


Few. 
13M  ■ 


-m 


0 

3 


aMO 


+15-30 

-  1 


Hvmiirkii. 


1)0 


S*i*venil  wvUn. 


h25 
975 

l,:wo   .. 

2 
4 

s 
8 
22 

Flows. 

Flows. 

+35 

rnsuceewful. 

1.4liO    .. 

400-760 

420-750 

897 

620 

THX) 

432-461 

775 

K"0 

4H2 

2-3 
3 

21 

2 

2i-3 

3 

100-5 

100-5 
225 

GO 

27 

25-30 

165 

Flow. 

+17  to  -^42 
Flows. 

+26 

+25 

-4-15-28 

Flows. 

Many  wells:  terafteniture 
of  deeper  wells,  78°. 

Heverul  wells. 

Water  at  690  feet  flowed  50 
gallons  a  minute;  prin- 
cipal  flow  at  818  feet. 

Water  at  850  and  700  feet. 

414-920 

:>40-96U 

700 

500-70l> 

1.500 

2-4i 
3-5 
44-2 
2i-3 
2 

21' 
2-4i 

3' 

2-3 
3 

3    . 

60-175 
60-175 

-*-20to+80 

+  25  to +80 

+25 

+15-20 

Many  wells. 
Several  wells. 
Temp..  71°+.. 
8  wells. 

5H0,«I0 
514-X60 

925    .. 

h50 
420-1.020 

747 

72i» 
730    .. 

60.70 

5(M50 

'200 

W 

25-250 

225 

+25  to +35 
+0to+80 

Flows. 

Flows. 
+25  to  .H9 

Flows. 

Flows. 
Flows. 

P'low-. 

2  wells. 

60-gallon  flr>w  at  (iOO  feet. 

.Many  wells. 

Water  strattim  fnim  62X  to 
747  fe«l. 

XV, 
1.2«m    .. 

4 

75 
100 

Many. 
Many. 

Wiitirnt  110  and  500  feet. 

tJ(*i 

>iyH 

Flowv 

FIou^' 

.  <i 

V)  to  -  .'rfi 
•  20-'i<i 

2  VI ells. 

4.V, 

-    ■ 

47«» 

i.ii-. 

71* » 

4-2 
2.-* 

«rf».70 
i:'/» 
7«^i 

2  u*-il*. 
:{  wHlv 

5J*»-1.2«^» 
774 
7.'rfi 

FImWv 

'\*xv.\K   71. 

».    . 

7J»» 

1.1»>» 
1  'itJf) 

W.l'i'i 

2  u.-IU. 

4<"'    .. 

-■  u.  • 


-'.rv  H*]>*..  VMn.  J,.  •j:3i. 
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DEEP   BOEINGS   IN   THE   UNITED   STATES. 
MISSISSIPPI— Continued. 


Location. 

Depth. 

1  Diame- 
'      ter. 

1 

Yield  per 
minute. 

1  Height  of 
water. 

Remarks. 

Lauderdale  County: 

Meridian , 

Feet. 
680,905 

400 

400 
506 
400 

490-650 

700 

450-697 

700 
400 
682 

1,021 

1,020 

850 

450 

720 

500 

6'23 

400 

±500 
680 

:+:500 

500 
763 
750.800 
±600 
700 
950 

936 
900,908 

<*.50 
721-800 

520 

700 

800 

1,250 

950 

700-800 

700-800 

000 

1,060 
1,100 

900 

500 

+415 
5'20-525 

620 
588 
635 
500 
475 
740 
800 
1,2M 
588 

588 

696 

Jjichei. 
2.3 

6' 

1 

!               4 

1 

1 i^s' 

!           4-3 

Gallone. 

1       Feet. 
-20  to -25 

—60 

2  wells. 

Lee  County: 

Verona 

Leflore  County: 

Greenwood 

466' 



250,275 

60-150 

10 
Each  80 

4-40     3  wells 

Do 

-45  1 

Do 

+40  1  20  wells  in  adjoini 
i      gion. 
-t-0  to  +40  '  3  wells 

Do 

Do 

Flows.  1 

Ittabena 

+0  to  +35     3  wells 

Lowndes  County: 

Artesia  (444  miles  south ) . 
Columbus 

.    -90  . 

Flow.  1  2  wells;  temp.,  70° 

+  6  : 

Do 

4 

8-3 

Madij*on  County: 

Canton 



90 
170 

88 

+10  '  Temp.,  740. 
+  19  ' 

Do 

Do 

+  16  1 

Ford 

—  40 

Revive 

-20 

Marlon  County: 

Columbia 

3 

6 
10-6 

25 

15 

100 

Flows. 

Monroe  County: 

Gattman 

Montgomery  Countv: 

Winona 

-75' 

Noxubee  County: 

Bigbee  Valley 

Flow    i 

Brook  ville 

10 

Cliftonville 

Flow    ,  3  wells 

Cooksville 

6 

-30 

Macon 

Flows    '  2  wells 

Do..     . 

3-4  1                5 

—  14  to  4-8  '  3  wells 

Prairie  Rock 

Flows      Several  ^vells. 

Ravine 

10 

-  25 

Shuoualak 

6 

10 

8 

-  25 

Oktibbeha  County: 

Longview 

25 
145 

5 

Stark  villc 

{           ill   }2  »■«"»■ 
-  30 

Perry  County: 

Bonhomie 

Quitman  Countv: 

Bckn : 

2-3 

20-00 

-1-0  to  +50 

Riverside 

-  40 

Scott  County: 

Forest .  * 

%     Water  at  220  feet 

Sunflower  Countv: 

Doddsville  . .' 

'      house  well. 
Flows 

Indianohi 

Unsuccessful. 

Do 

1 

Flows 

M<K>rliead 

3 
1 



■  50 

Do 

Flow 

Ruleville 

Flow 

Tippah  rountv: 

Riplev 

10-8 



Few. 


—25 

Warren  County: 

Vick8l)urg 

Flo\v«i 

Do 



10 

1 

Smnll     flnwH-     sli 

Do 

l>rackish:  temp. 
Abandoned. 

4  wells. 
8  wells. 

Washington  County. 

(ireenville 

Wayne  County: 

Wnvnesboro 

6' 

1 

:^) 

-      ^> 

Do 

Yazoo  County: 

Mechanicsburg 

4  ; 

i 

26^16 

■^   10 
—  40 

Satartia 

3 

1 

15 

-I-   12 

YaztK)  City 

-  20 

Do 

3  1 

4  1 

- 140 

Do 

40 

-f     5     2  wells 

Do 

Flowv 

Do 

Flows 

Do 

1 

Flows 

Yazoo  City   (18   miles 

..........|. ......... 

-130  1 

southeast), 
Yazoo  City   (25   miles 

southwest). 
Yazoo  City   (4    miles 

1 
2 

2 

u 

-1-  12     Temp.,  70-. 
+     9 

west). 

1 
1 
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Jon. 

iMpth. 

Vl«]dp«r 
mlati|«;| 

Bdffhtor 

water. 

Remarks. 

IpSOO 
ttfl 

laoo 

±1.8W 

415 

JkAci, 

0^.^ 

«Ml. 

y: 

-  16 
-lOU 

Fropect    hole   (or  coftU 
wAicr  »t  14&  feet. 

J- 

10  1 

70 

H 

-ao 

faJ.    SaltwAt^r. 

5  miles  eaj<t) . 


1.000 
+2,000 

1,000 
1.H00 
1,805 

500 

GOO 

4o7 

+1,3.t0 

?500 

1.100 

l.lttW 
"fiO 

1,295 
531 

495 
675 


..I      1,000 
1,400 
1,505 
»rlng.«* 1.370-1. 400 


6 

Many. 

-150 

6 



6 

6 

Good  water:  abandoned. 


Prosneci 


t  for  coal. 


H-6 


Few. 


Temp.,  82°;    water  min- 
eral. 


—  10 


Many,  i  —  30  i 


County: 


wrings 

y: 


ty 


ty: 

miles  Muilh) 


10 

H 

! 

Many.          FIowm. 
80             —  70 

1 

41 

Many. 

-    8 

8 

—  28 

6-4 

7 

Flows.  ; 

•*'  — "' 

1.365  |. 
403  6    1  —  78 

1.200   iTosiirface. 


Sulphur  water:  not  in  une. 


Sulphur  water. 
Mineral  water. 


Water  strongly  mineral: 
abandoned. 

Water  aim  at  20,  240.  and 
800  feet. 


<J10 


710 

MM) 


••>4:> 

575 


-H  10 


I 


10 
('» 

S-5J 


750  ; 

Many. 


Water  at  610-620  feet. 


400  ' 

12.S 

400 


Flows.     Temp.,  47°. 

-  20 
-*-  20 
-•  20 
-<-  JO 

-  10 


3       Manv. 

...'  10 


Water  also  at  310  and  425 

teot. 
Temp.,  64°. 


6 

10  ., 


100 


—509 
—  40  i 


'  Several  prospect  holes. 


■.<iet)l.  Surv.  Kopt  ,  vol.  3.  p|».  'J6-97 
87.118-119 


» Ibid.,  pp.  120-121. 
♦Ibid.,  p.  71. 
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[so. 


MISSOURI— Continued. 


Location. 


Jackmn  County: 
Kansas  City  > . 


Fret. 
1,000-426 


Do. 
Do. 


Diame-  j  Yield  peri  Height  of  ' 
ter.      ,  minute.  \     water.     I 


Remarks. 


_L 


Inches.   '  Gallons.  ' 

i i 


Feet.       i 
—  30  , 


1,000-1.622  I. 

908  !. 


•1- 


Kansas  City  (Swift  &  Co.  ] 

Lisle 

Jasper  Count v: 

Carterville 

Do 

Do 

Carthage^ 

Do.... 

Joplin 

Do 

Do 

Prosperity 

Webb  City 

Do 

Do 

Laclede  County: 

Lebanon  » 

Do 

Do 

Lafayette  County: 

Concordia , 

HigKinsville 

Lewis  ('ounty: 

Lagrange  < 

Do 

Linn  County: 

BnKik  field , 

Do 

Livingston  County: 

Avalon .' 

Avalon  (  northeaMt  of) . . , 

Cavt>n.li>h 

Chillicotlu' 

Do 


Do. 

Do. 

Do. 

Do. 

Do. 
Dawn  . 
Dawn  I 


luoar) 

Springhill  (near). 

rtica 

MeDonalil  County. 

Galbraith  Si'nuif  •'• 

Lanahan  

Madison  County: 

Mint'  Lamotto 

Maries  County: 

Stei.Mi  rrairif 

Marioji  County: 

Philadelpliia 


Hjinnibal 

Mercer  Countv: 

Halfrock  .' 

Princeton 

Topsy I 

Miller  Countv:  i 

Kldon  ..." 

MontK'onury  County: 

Montgomerv  City 

Do 

Newton  County: 

Diamond  .' 

Gninby  (sec.  ♦>) 

Rai'ine  (4  mlle.s  north) .. 


—119  , 


Several  test  boring 
gas;  water  from  $ 
feet.  590  feet,  aiw 
feet;  brackish  aD< 
phur  water. 

'  Temp.,  65°:  principa 
!      ter  supply  at  815 
I      water  also  at  8G  ai 
feet. 


405  , : No  water. 


643 

800 

799 

2,005 

e' 

Many.  I 
10  1 
15 

-  70 
-140 
-115 

1.800 

8 
6 
6 
6i 
10-6 
7| 
10 
6 

1,375 

1,400 

908 

998 

.■lOO 

30 

80  : 

170 

-  80 

-  80 
-]2t) 

-115 

-  '20 

827 

854 

--60 

-  75 
-100 

1,002 

45;^ 
1.000 

6i 
6 

1 

;i5   . 
Many. 

-•200 

-i-200 

1,512 

ri-.-s 

;^.o 

-   ^0 

840 

Several. 

850 

h 

Flows. 

451 
570  , 

4(H;  ' 

700  ! 

UK»  ' 

7tK)  ! 

5;W  , 
4H1 
1.101 

-^7(K) 

-f  i:w 

121 

^\ 

SOI    ' 

1.-1L'> 


:iO 

Many. 

Few. 

Few. 

None. 


To  granite. 
Ferruginous  water. 

Several  water  horizt 


Water  at  135  and  75( 
Water  at  380  and  42( 


-  yo 

Flows. 
-   7(t 


Manv. 

.Many. 

Manv. 

Few. 


Flows 


(•-4:    >;evcra]. 
Many. 


F1..U. 
Fluwv 


■17l».  :..> 
l,:iJO 


■m 

+     4(K» 


Brackish. 


No  water. 


Very  little  water. 


nll'ln:r  water. 


!  Wells;  much  water 
uil. 


N. 

>ne 

N( 

tin- 

i..V)o  ; 
(100  ; 


10--.^ . 


'l.mi..,  :>s^. 


H76  i 
1,244  i 


'  Analvsis.  V.  .S.  Geol.  Surv..  17th  .\nn.  Kept., 
part  2,  1S95-96,  p.  827. 
-  Kee(»ni,  Mo.  Geol.  Surv.  Kept.,  vol  7.  p.  405. 
3  Record.  Geol.  Mo.,  by  Broadhead.  part  2,  p.  86. 


<  .\nalvsis. 
141-143. 
J-Ibid.,  pp. 


111.   .<urv.    K'-pi..   vol. 


117-llS. 
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MISSOURI-Oontinned. 


Ijocation. 


P^emitcot  CoantT: 

GArutberaville 

"MXisCoonty: 

ScdAlia  (2  miles  aoath). 


Ike  Coanty: 
LouUdanai.. 
Do 

tatnam  County: 
UnionTllle.. 


Depth. 


i.n<3olph  County: 

JacKson 

Bfoberly 

Do 


Randolph  Spring)*  *. 
»y  nolda  County: 
Hunger . 


anger 
Cbarfn  County: 


St.  Charles 

St.  Charles  (2mile8  we^t) 
-  Olair  County: 

Appleton  City 

Osceola 

Do 

«-  Genevieve  County: 

Ste.  Genevieve 


:.  Francois  County: 

Farmlngton  (near) . 
t»  Xouls  County: 


Clayton 

St.  Louis 

St.  Louis  (asylum)  ... 
St.  Louis  (Belcher)*.. 


Do.«. 
Do.». 


St.  Louis  (powerhouse) . . 
Near  Chain  of  Rocks. 

St.  Louis 

Do 

Do 

Do 

^^annon  County: 

Bartlett 

Do 

Birchtree I 

Winona I 

*o«iby  County: 

Bethel  (4  miles  north)  .. 

Epworth 

^      Oakdale 

Sullivan  County: 

^    Qaltstatlon 

Vernon  County: 

Nevada* 

Nevada 

Do 

^        Do 

Warren  County: 

Truesdail 

Warrenton 

Do 

Wright  City 

Washington  County: 

Baryties 

Potosi 

Do 


FkL 


Diame-   Yield  peri  Height  of 
ter.        minute.       water. 


4'2»  ; 
1,600 


1,276 
1.S60 

700 


460 

610 

2,100 


449 
I 
1,276 
1.865 

1.295  ! 
500 
500 

700-800 


442 
660 

1,060 

400-700 

8. 8481 

2.176 

2,199 

+1.690 


1.474 
736  ' 

1,000 
485 
518 
650 

+400 
740 

+400 
700 

450 
410 

+400 


HOC 
860  I 
1.001 


-400 

•100 
40t> 


6 
9-8 


OaOoni, 
850 


Many. 


800 


10 

8 


Many. 


6-4 
6 
6 


-  10 


Flows. 
+  40 


-200? 
-  70 


120  Flows. 

I 


6 

40 

-  40 

: 

71 

8 

—  20 

Many.  ; 

-  75 

} 



24 

80  1 
Few.  !. 

-aoo 

-1 

9^1 
6-31 

Flows. 

! 

—  70 

6 

70 

-  45 

6 
51-44 

8-54 

i7.^ 

16   . 
1. 

-  60 

! 

6 

70 

-340 

8.4-3 

6 

Many.  ; 

1 

-400 

-  90 

—  80 

Remarks. 


-100 


165 

FlOWH. 

560 

-  80 

700 

-  80 

Flows. 


-150 
-  70 


Proepect    hole;     full    of 
water. 

Temp.,  64^. 


Some  water  at  215  feet; 
abandoned. 


2  wells. 

Lanrest  flow  at  682  feet; 

siat  water  at  870  feet; 

magnesium  at  1.180  feet. 

and  very  salt  water  at 

1.215  feet 
Temp., 58<>:  mineral  water. 


Several  water  horixons. 

For  oil  or  gas;  unsuccess- 
ful. 

Prospect  borings  for  lead. 

Many  wells. 

Temp.,  lOfiP;  salty  water. 

8  per  cent  salt  at  1,281  feet; 

temp.,  68^. 
Temp.,  78.40;  water  from 

1.615  feet. 
Gas  at  466  feet:  salt  water 

at  SeOfeet;  temp..  69^  at 

1,851  feet     . 

Waterslightly  sulphurous. 
2  wells. 

Water. 
Dry  hole. 


2  wells. 


Flows   to  +9  feet  when 
not  pumped. 


3  welK 
Fine  water. 


lyo   Atmndoned. 

r,j-j-:)Mr>  2   -66    Swells. 

414    -    2 


I 


'Record  and  analysis,  Geol.  Mo.,  Uy  BroadhcHd. 
part  2,  p.  86. 

'Analysis,  Mo.  Geol.  Surv.  Kept.,  vol.  3.  pp. 
7J-74. 

»lbld.,  pp.  71MJ1. 


« Analysis  and   record,  St.  Louis  Acad.  Scl. 

Tmns.,  vol.  1.  pp.  80-86.  pi.  6. 
»  Record,  Am.  Jour.8ci..2d  ser.,vol.  15,  pp.460^ 
•  Analysis,  Mo.  Geol.  Surv.  Kept.,  vol.  8,  pp.  M 

122. 
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PRINCIPAL    PUBLICATIONS   RELATING    TO   DEEP  BORINGS   IN 

MISSOURI. 

Report  on  the  mineral  waters  of    Missouri,  by  Paul  Schweitzer:  Missouri  Geo- 
logical Survey,  1890-1892,  vol.  3,  256  pages,  Jefferson  City,  1892. 

MONTANA. 


Location. 


Depth 


Diame-  .Yield  per'  Height  of 
ter.      I  minute.  ■     water. 


Carbon  County: 
Bridger  (near) 


Cascade  County: 
Great  FallH.. 


Chouteau  County: 
Chinook* 


Fort  Assinniboiue . 


Fort  Benton . 


Custer  County: 

Fort  Keogh 

Miles  City 

Do 

Do 

Miles  City  (court-houee). 

Miles  Citys 

Do 

M  lies  City  (35  mi  lesi  west ) 

MilcMCitv 

Do 

MilesCity  (10 miles  east). 

Miles     City   (Reform  , 

8ch(K»l).  [ 

Rosebud 

Dawson  County: 

Gleudive  (court-house) 
Flathead  County: 

Kintla  Lake  (near) 


Gallatin  County: 
Bozeman 


Lewis  and  Clarke  County: 

Helena ' 

Do 

Do 

Teton  County. 

Chief  Mountain  Lake  ... 


Yellowstone  County: 

BilliuRs 

Junction 


Feet  Jnchet.   \  GaUons. 

1,500  ;         14-41  . 


Remarks. 


In  progrese;  brackiih 
water  at  450  feet  that 
came  to  top  of  wdl; 
flows  at  1,000  and  l,dO0 
feet,  which  come  to  top 
of  well:  water  at  1,500 
feet:  strongly  ebamd 
with  sulphuretted  dj- 
drogen  gas. 

In  progress:  gas  at  300 
feet:  indications  of  oil 
farther  down. 

Water  also  at  112.220,540. 
and  620  feet. 
!  Small  flow  of  gaa;  no 
water  below  65  leol:  all 
clay. 
Small  flow  of  gas  at  300 
feet:  indications  of  oil 
at  502  feet. 


Temp.,  57°. 


5  wells. 


FlowH.  I  3  wells. 

Unsuccessful. 


1,200  I 


1.000  ' 
oOO  ! 


Strong  flow  of  water  and 
gas  necessitated  discon- 
tinuance of  drilling  un- 
til heavier  tools  could 
be  procured. 

Bored  for  oil;  unsuccess- 
ful. 


(iiKxl  flow,  abandoned. 


Lubricating  oil  well,  30 
barrels  a  day;  Just  north 
of  L'nited  States  bound- 
II ry  line. 

All  in  shale 

<inall  tlovval.soal  1-14  feet. 


'  Report  on  Irrigation.S'idCong..  1st  sess., Senate 
Ex.  Doc.  41,  part  2,  lb93,  pp.  72-73. 


2  Record,  ibid.,  pp. 
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NKBRASKA. 


Location. 


^<^in8  County: 
Hastings'  .. 

E^Anner  County: 
Uarrisburg . 

Boone  County: 
Albion 


Do 

Boyd  County: 
Lynch 


Do. 


Tp.  34.  R.  8,  sec.  - 
Buffalo  County: 

Kearney 

Caw  County: 

T.  10,  R.  13.  sec.  34  . 

Do 

Cedar  County: 

T.32.R.1  E 

T.32.R.2E 

Do 

T.32.R.3E 


T.33,R.1E. 


T.33,R.l  W 

St.  Helenas 

Chase  County: 

T 

T.  6.  R.  39.  sec.  21  . 
Cherry  County: 


Southwestern  portion ... 

Custer  County: 

Cliff 

leaves  County: 

Maryland  (one-fourth 
mile  east). 


rhadron. 


Chadron  (12  miles  north- 
east). 
I)ixon  County: 

Ponca  

T.  31.  R.  6.  sec. '20 

T.32,  R.  5.  sec.  32 

Douglas  County: 
Omaha- 
Clark  and  Sixteenth 

streets'. 
Grant  smelter 


Depth. 


Feet. 
1.145 


470-790 


Diame-    Yield  per 
ter.        minute. 


Inches.   \  QctUons. 


923 
760  , 


480 
500  ; 

535 
400-500 
500-600 
400-eOO 

400-630 

40O-64S 
466 


3,100 
100 


475 
480 
500 
500 

400-485 

927 


400 

\        i.ioo} 

I  1,800) 


Thirty  second  and  O 
streets. 

Elm  wood  Park 

Hanscom  Park 

Riverview  Park 

Willow  Spring 

Exposition  grounds  . 


A.  Booth  A  Co 

Seymour  Park 

Pickards 

Krug  brewery 

Power  house.  Nine- 
teenth street. 

Cortland  Beach 

T.15.  R.  12  (7  miles  west 
of  Omaha). 
Furnas  County: 

Arapahoe 

Gage  County;  i 

Beatrice ; 

Beatrice  ( near) | 

Do ' 


498 
484 

400 


664 

1,044 

1,800 

1,H45 
1,120 
1 .  065 
1.700 
1,115 

1,0«J4 
1.303 
1,:J83 
1.310 
840 

998 
1,130 


3 
2 
2 
2 

U-2 

li-3i 


Height  of 
water. 


Feet. 


Remarks. 


40 


Flows. 


Flows. 
Flows. 


2 
2-60 
Few.  I 
U-3U 

5-25 

7-44 
Many. 


2 
U 
U 
li 

3i-li 

5 


10-6 


12 
15 

Many. 


Flows. 
Flows. 
Flow. 


-H9 — 35 
Flows. 


Salt  water  at  910  feet. 

Several  unsuccessful  bor- 
ings. 

Water  at  125  feet;  drill 
stuck  in  soapstone  at  825 
feet;  boring  discontin- 
ued. 

For  coal;  unsuccessful. 

Strong    pressure:     power 

used  for  flour  mill. 
New  well;  strong  pressure. 
Boyd. 

Unsuccessful. 

Water  at  30  feet. 
I  Salt  water  at  470  feet. 

I  For  watering  cattle. 

Temp.,  60°. 
'  Temp.,  alx)ut  60°. 

Temp.,  68°  to  60°:  600-foot 
well  ceased  flowing. 

Pressure  variable;  temp., 
i      about  60°. 

Temp.,  58°  to  60°. 

Water  at  400  feet. 


+  11 

+  10 

+  12 

+12to+  16 


50 


Water  at  22  feet. 

Abbott  well. 
I  Plumer  well. 
[         Do. 

Gentry  well. 

'  Several  wells;  no  flows. 
Town  well. 

j  3  wells;  unsuccessful. 

'  Failed    to   reach    Dakota 
sandstone. 


Few. 


125 

800 

Many. 


.1 


Many.  I 

(iOO 
Many. 
Many. 


-     3 
+  31 


+  52 
+  65 


-  50 
-138 


+  100 
Flows. 


500  I 
70 
Many.  ' 


+  35 

Flows. 

-112 


Flowed  3  weeks. 
Flowed  50  gallons  origi- 
nally. 

Temp.,  58°. 

Flows  at  650  and  800  feet; 
temp.,  55°. 


Temp..  62°. 

First   water   at   700    feet; 
temp..  00^. 


Temp.,  62*^;  abandoned. 


6-5 
10 


Many. 


1.200  ,. 
I,2fi0  ; 
1,240  I 


Few. 


+  40? 
+  35 


No  flow. 

Flows. 
Flows. 
Flows. 


Said  to  flow  over  a  million 
gallons  a  day. 


» Record,  U.  S.  Geol.  Surv.  Water-Sup   and  Irr. 
Paper  No.  12,  pp.  37-38. 


'Record,  Am.  Assoc 
1886,  pp.  217-219. 


Water  at  50  feet. 
Adv.  Sci.  Proc., 


vol^l 
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NEBRASKA-<"Dtttiniie(l. 


LoCftiion, 


Grstit  Cduntj: 

Hrannli ,.« « 

Holt  count r: 

o\Velll 

IlfMikcr  Conn  If: 

Fiimi  oi  K.  Lli?idi'rit, 
Hownf*l  Comity; 

t>Aiinfbr«ii;  L . . .  „  ^ . , , 
JefTt^nvvn  rounfv; 

T.2,H.2.8ec.4 


Johnaon  County: 
Tecumseh... 


Keith  County: 

T.  12,  R.  97,  sec.  8  . 


T.lS.R.8Mee.6... 
T.14,R.40,RC.18«. 


T.14J^41,8ec.2. 


Kimball  County: 
T.9,R.S,iec.29.. 

Knox  County: 

T.  81.  R.  6,  sec.  29. 

T.82.R.2 

T.  32,  R.  6,  sec.  12. 
Niobrara  Mill  ... 


T.32,R.6.sec.]6. 


D^th, 


DlHme* 
ter. 


Do 

Packing  house  . 


T.32,R.7,8Cc.21 

T.  33.  R.  2,  sec.  13 

T.  83,  R.  2,  sec.  15 

T.33,R.2.sc<!.16 

T.3:i.R.2.wc.l7 

T.:«,R.2,!«ec.l9 

T.3;).R.2,si'C.20 


T.33.R.3.sec.l3 

T.83,R.8,8ec.l5 , 

T.  33,  R.  3.  sec.  16 , 

Sanlee  Agency , 

San  tee  .Agency  Mission'. 
Sautec  Agency  School... | 

Do ' 


T.33.R.8,Hot:.18  ... 


Do 

Lancaster  County: 
Lincoln « — 

Sanitarium^... 
Public  ttquare  . 


Burlington  Beach . . 
Madison  County: 

Norrolk  

T.23.  R.4 

Tilden 

Merrick  County: 

Silver  ('reelc 


WO  ' 
1,300  ' 

i.aoo ' 

1.011 ; 

sool 
I 

I 
A20 


I  Indket. 


I 


421 


407  I 
402  I 


460 
770 


420 
548 


656 
600 

MX) 

700 

4a\  425 

400 
400 
ftTiO 
650 

rm 

400 

400 

:f.600 

603 
604 

740 


760 

985 

570 
1,060 

2.463 

472 

335 

+  400 

1,700 


GaUi&Ht. 


/Itef* 


FIOWL 


HetoArk* 


2  WVlll. 
rttsuccf:f«rnl. 


L'nsueceflBfiiL 


6  ! 


500  , 


2  I 

8  i 


Many.  ! 

14! 

60  ' 
240 
1.900  , 

2,500  I 

Many.  ' 
2^ 


+  78 


+188 
+218 


+246 


2  , 
2  ; 

2  I 


2i 
3    . 


Manv. 


9 
3 
10 
30 


8 


+  32 


4  Seven    bortngs 
j     strong  Dak  wt 
I     to  238  Iwt:  tec 

.i  Boring  made  bit 
succeasfal;  no 
ported. 

WiitcTfltlTBan^ 

U7leeit^f  wall 

U  lUf  r  at  7  feet, 

UiiMiocc'wfiil  m 

Wmvf  at  SH.>  fi.'e 

Bad  worlcuiHtii^f] 

fd    well    uwl 

mcdtULU  hurLl, 

No  flow. 

Pressure   greatl 
Ished. 

Largest  flow  at ; 
I  Prewure  120  p 
I      1896. 

i  2  wells:  water  a 
I     600  feet. 
1  wiih  r  nt  e^%fe«l 
I  l'ro!f>siire  dimlni 
I     Lug  Eo  leak. 
I  In  iiroigrejw;  nfi 

^t(Mf<L 
'  N-H  rtnv:    200  i* 

'  2  welU;  considei 
age. 


+  25; 

+  57  ;  Li'aks. 


+137  ,  Leaks;    presi^nt 
;      low. 
Flows,  1  <.)n  nigh  land. 
Flows,  i 
Flows.  ,  Leaks. 
Flows.  Do. 


1,699 


Flows. 


!-126 


4J0 
4'JO 


+  17 


143    feet   alx)ve 

River. 
105   feel   above 

River:      pr&<is 

yield  diminlHl 
3  flows:  presRui 

(liminisned,    * 

leakage. 


I  Record,  V.  S.  Oeol.  Surv.  Water-Sup.  and  Irr. 
Paper  No.  12.  p.  47. 

«  V.  S.  «eol.  Surv.  Bull.  No.  131, 189.5.  p.  96. 

•* Record,  .51st  ('ong..  1st  session, Senate  Ex,  Doc. 
No.  222,  pi.  op.  p.  56. 


Flows. 

-100     Salt  water  at  24 

.      foot. 
-(-  34 
Flows.     Salt  water  at  56(] 

;      feet. 
Flows,  ,  Salt  water  at  82> 

-100  ' 
-275 
-  90 

-  19  . 

^Reconi,  Am.  As.-ior.  .Adv.  Soi.  Proc., 
218. 

*  Descriptions,  records.  t:tc.,  U.  S.  G' 
Water-Suj>.  and  Irr.  Paper  No.  12,  pp.  2 
A.SSOC.  .\av.  .Sci.  Prrv.,  vol.  :S5,  p.  218; 
Geog.  and  Oeol.  Nebr.  (AuKhoy).  18,so. 


Many. 

Manv. 

6  ! 

4  1 

Many. 
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NEBRASKA -Continueil. 


Htion. 


my: 
W'K. 
iiity: 
are.- 


Depth. 


Diame-   Yield  piT   Height  of  i 


Feft. 
1. 


001 
W5 


ter. 

minute. 

water. 

Inches. 

Gallons. 

Fret 

No  flow. 

Remarks. 


City.... 


ity: 


ounty: 


"ounty: 


ailes  \vej«t)  . 


448 
1,000— 1. '20  J 

570 

562 

580 

405 


I 


I 


Test  boring  for  coal:  flow 
of  salty  water  at  242  feet. 


6  !  Mineral  water. 
. . . '  Several  deep  wells  In  prog- 

I      res!*. 
...   .^It  water. 


G    '  rnsucces'iful. 

4    riisurcessful. 

I 
fi   Some  water  at  375  feet. 


July: 

nortiiwestof). 

>unty: 


Jiy: 


unty: 

•astern  ijorlion..  I 


»ty: 


nty: 
It... 


8t  south  of)  5. 


,300 
370 

450 

451 

300 


300 
5^•2 


409 
590 


1  Coal  pro«j>ect. 

-760     I*ressure,  15  jtounds. 


Vij?orous  flow  for  short 
time,  but  soon  choked 
up. 

No  flow:  abandoned. 


+  10     Richard's  well. 

,  Failure:   water  at  180  to 

18-J  feet. 


1  Some  water:  no  flow. 


Iron  ore  at  375  feet;  oil  at 
379  feet. 


I 


Failure. 


Russian  mill  well:  aban- 
doned. 


>  Am.  A.s.H)c.  Adv.  S<m.  l'ro<'..vol.  35.  pp.  '217-219. 

-Record.  U.  S.  Geol.  .Survev  Water-Sup.  and  Irr.  Paper  No.  12,  p.  31. 

sibid.,  pp.  33-34. 


[PAL   PUBLICATIONS    RELATING   TO   DEEP   BORINGS   IN 
NEBRASKA. 

oiind  waters  of  a  portion  of  Houthea-stern  Nebraska,  by  N.  H.  Darton: 

ites  (ieological  Survey,   Water-Supply  and   Irrigation   Pai)er  No.  12,   5(5 

w,  plates,  Washington,  1S9S. 

linary  rejxjrt  on  tlie  geology  and  water  resources  of  Nei)raska  west  of  the 

e<i  and  third  meridian,  by  N.  II.  Darton:   United  States  (Teologieal  Survey, 

1  Annual  Report.  189t;-I.S<)7.  part  4,  pajrcs  719-7sr),  Washington,  lH9y. 

a  (Jeologieal  Survey,  KejKjrt  State  (Jeologist  K.  II.  Barbour,  vol.  1,  Lincoln, 


?tate8  Geological  Survey  Bulletin  No.  l.'U,  page  96,  Washington,  1895. 
lary  re|)ort  on  the  genlogy  ami  iniderground  water  resources  oi  the  central 
118,  by  N.  II.  Darton:   I'mted  States  (ieological  Survey  Professional   i*a]>er 
a.«hington,  1905. 

1 19— (V> ♦) 
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NEVADA. 


Location. 

Depth. 

Diam- 
eter. 

Yield 
minute. 

water. 

Remark* 

Lander  County: 

Battle  Mountain  > 

800 
660 

800 

400 

600 

400 
1,182 

Jncket. 
6 

QaUoHB. 

FkL 

Btrouff  flow. 

Do.« 

sA* 

Several  flowsatle 

Lincoln  County: 

Dalaniar  .    .             .... 

Unaucrevful. 

Ormsby  County: 

6-7                5 

Several  wclla. 

White  Pine  County: 

Ely 

Several . 

Churchill  County: 

Vail  Ranch 

No  flow  .. 

Sierim  Valley*  (?) 

S 

80 

Hot  Water. 

NEW  HAMPSHIRE. 


Grafton  County: 

1 

Warren 

..|                492 

6 

3 

Hillflboio  aranty: 

Greenville 

..I                 410 

6 

20 

-90 

Manchester 

..!                630 

8 

Few. 

No  flow. 

Merrimac  County: 

, 

Concord 

..;               1,825 

6 

Few. 

-16 

Well  abandoned 
936  feet 

Strafford  County: 

1 

j 

Dover  

400 

6 

100 

No  flow. 

Sullivan  County: 

Plainfleld 

1,104 

6 

-  6 

NEW  JERSEY. 


Atlantic  County: 
Atlantic  City  3. 


Do.. 

Do.. 
l>o.< 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 

Do.. 
Do.. 
Do.. 

Do.. 

Do.-' 


Do 

Do.« 

Brigantinc'7 

LorigiH>rt^ 

Smiths  Landing  « 

South  AllanticCity  . 

Ventnor"' 

Bergen  County: 

Fort  Lee 

Burlington  County: 

Burlington 

Colunibusii 

JobMtown  "5 


578 
2, 306 

83(WStO 

i.ir»(» 

'.HW 
.V>4 

7;io 

TJi) 

780 

1,898 

so:. 

843 

8i:? 


1,400 

816  1 

82rt  I 

7U8  I 

803 

715 

KlO 

813 


1.000 

I 

675  I 
715  1 
715, 


.1. 


I 


<>  I 
8-(;  . 


<;- 


I) 


(Mi' 

8  I 

10-1  i,. 


150  , 
Many. 


Flows. 

Flows.  ' 
Flow. 
+  5 
Flows. 
Flows.  I 
Flows. 
Flows.  I 
Flows. 
Flows. 


S-4i 

r. 


40 

lo.-> 


Fl< » ws. 
Flows. 
Flows. 

Flows. 


6  I 

('>  , 

8  ; 

6    . 


•J.tO 
100 
KM) 
ISO 
100 
40 


Flows. 
Flow«J. 
-17 
Flows. 
Flows. 


Water  at  in  ten 
328  to  ."iM  feel. 

But  little  water 
to  860  feet. 

5  wells. 

No  water  960  to 

Pump.s  200  gallo 

Pumps  200  gallo 
Pumps  250  gallo 


No  water  at  tl 

.several  flows  e 

Pumps  125  gallo 

Pumps  400  gal  loi 

60°. 
Pumps    200    ga 

minute. 
No  water  at  tl: 

several  flows  n 
Pumpetl. 
Do. 

Temp.,  66° 


Thnuigh  tnip  ii 
no  water. 


^  Report  Survevor-General  and  State  Land  Reg- 
ister. 1891-92,  p.  72. 

*lbid..  1889-90.  p.  82. 

•■•Reoorfls.  etc.,  of  many  wells  at  Atlantic  City: 
N.  .1.  (Jeol.  Surv.  Repts.  for  1887.  1888.  1889,  1892, 
1893.  1894.  1895,  1896,  1897.  1898.  and  1899. 

*  N.  J.  (Seol.  Surv.  Rept..  1900.  pp.  lirv-118. 

»RecoKl,  N.  J.  Geol.  Surv.  Rept.,  1890,  p.  90. 


«N.  .1.  r,eol.  Surv.  Rept.,  1903.  p.  85. 

'  Reroni.  ibid..  I.s95.  pp.  77-79. 

Mbid..  pp.  83-«5. 

»lbid.,  1H,89,  pp.  104-10(;. 
^"Ibid.,  1898.  pp.  76-78. 
"Ibid.,  1M92,  pp.  :«)5-:i06. 
"Ibid.,  1897,  pp.  247-218. 
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NEW  JERSEY— Continued. 


Location. 


Burlington  Connty— Cont'd. 

Muorestown  ^ 

Mount  Holly« 

Seven  Islands' , 

Camden  County: 

Asyla* 

Cape  May  County: 

Avalon* , 

CftpcMay* 


Cape  May  Point  ^ 

OeeanCity* 

I>o.» 

Do.io 

Do 

Do 

Do." 

.Sea  Isle  City »» 

Do.>8 

Wildwood 

Do.N 

Cumberland  County: 

Bridgeton  '* 

Greenwich  i« 

Millville'' 

Ewex  County: 

Brooltdale" 

Caldwell 

Franklin »» 

Hanision 

Milbum 

3l()ntclair  (Mount  Pros- 
pects 
.Newarlc  (Balentine's) ... 

Do.«> 

Newarlc  (Celluloid  Co.).. 
Newark    (Citizens'    Ga8 

Newark 

Newark  (.smelter)" 

(Gloucester  County: 

(ilassboro** 

Harriiion  ville  ^^ 

Pitman" 

Sewell 

Hudson  County: 

Bayonne 

Ellifi  Island 

Hoboken  ^ 


Jersey  City  (Limbeck's 
bre  werv )  .*• 

Jerwy  Cfty  (Mulone  <t 
Co.). 

Jersey  City  (stock  yards)*? 

Jersey  City  (Communi- 
paw). 

Jersey  City  (sniijar  refin- 
ery).» 

Jersey  City  (Cox's  brew-  ; 
ery).« 

Jerwy  City  (Dixon  <'o.) . 

Jersey  City  (Colgate  & 
Co  ).  I 

JersseyCity  (Hudson  Ca- 
nal Co.). 

JcrseyCity  (Traction  Co. ) 


Depth. 


Diame-    Yield  perj  Height  of 
ter.        minute.       water. 


Feet.       I   Inchf.9. 

457    

562 

6-8 


408 
457 


GaUtmf. 


Fnt 


Kemarka. 


925 
1,313 


700 
800 
S21 
760 
830 
816 
812 
464 
854 
655 
1,244 


690 
685 

712 
875 
400 
400 
800 
510 

529 
450 
827 
600 

615 
500 

I 
511 
402 
507 
420 

600 

1,400 

400 


&-6 


10-4i 
10-2i 


70 

200 

75 


Flows. 
-  25 


8 
-     4 


140  !  Flows.  I 

8  j  Many.  \  Flows.  I 

Many.  Flows.  ■ 

8-6  Many.  Flows. 
6  ,           250 


Small  Mupply. 
Pumped. 


lATfie  supply,  90  to  190, 
285  to  300.  and  585  to  600 
feet:  no  water  below  600 
feet. 


44 


150  '!!!!!!!!!!!! 

Flows. 

160  +  14 

300  Flows. 

10  '  Flows. 


Pumped. 
I>o. 


8    . 
4-2i. 


Tctap.,  63°. 

Temp..  67<*:  water  at  626^ 

750.  843.  and  1,185  feet. 
Large  supply. 
No  water  found. 
No  water  below  212  feet. 


174 


s 

125 
100 
100 
45 

150 

200 

200 

50 

556  I 
.500  ' 

In  soft  shale. 

8 

7i 

9<oil  water. 

10 

No 

H<jw'.' 

M 

8 

-140 


Few. 


7761 

500    . 

4:>o 
500    . 

1.000  ' 

4(M) 

1,205    . 
1.5<>0    . 

650    . 

2,200    . 


:53 

50 


15 
F-w. 


Good  supply. 

W'Hter  B.W)  at  72,  881,  and 
395  fe«.'t. 

Water  brackish. 
Bftred  in  1828;  rock  at  40 
feet. 


.^alt  water. 


K'M-k  :i5  to  l,r4X)feet. 


.S'o  wal«*r. 


M\ 


Record,  N.  J.  Geol.  Surv.  Kept.,  ls«.r3.  pp.  Wi 


*Ibid.,  1900,  pp.  144-147. 
Mbid..  1885.  p.  ia5:  1891,  pp.  'iSO-'iSl 
Mhid.,  1902.  pp.  70-72. 
'Ibid..  l.HUM,  pp.  7H-82. 
Mbid..  1902.  pp.  81-93. 
•Ibid.,  VXO.  pp.  1-29-131. 
"Ibid.,  1N93.  pp.  398-399. 
'ibid..  1M96.  pp.  171-173. 
'  Ibid..  !«•.«.  pp.  279--281. 
MWd..  1902,  p.  W. 
•Ibid.,  l-^yo.  p.  268. 

'^Ibid..  1*.«6.  pp.  17.VJ77;  JA%».  p.'JU;  IHW.  /».  UfX 
"Ibid.,  ISOT,  pp.  'J47-J4». 


'■N.  J.  drol.  Mjrv.  lU'pt..  1W5.  p.  -6. 
i"K..M-onl.  \\>\i\  .  l*»v».  \K  131:  1»»91.  pp.  11 
!•  ibid.,  1901.  pp.  frl-u'>:  iyrr2.  p.  ^o. 

1><97,  pp.  in-iJfi. 

Ih^^l,  p.  127;  i8>%.5.  p.  1^. 

1H79.  p.  126:  18>*2,  p.  142:  1>*8.5,  p. 

1K79.  p.  \'iS\\  18M2,  p.  142;  18N5,  p, 

1^94.  F»p.  407-409. 

lN9»i.  pp.  1J6-1'27. 

l'.«»l.  pp.  kVW. 

1S79.  p.  132:  lH>.2. 

1X79,  pp.  130-132. 


>Mbul. 
>Mbi«l. 
2"  ibid, 
fill  bid. 
'-^-ibid. 
'-•^Ibld. 
•♦Mr.id. 
J^n.id. 
»Ibid. 

p.  JlH. 

»7Ibld.,  1880,  \ 


p.  139;  IKSf,  y,.  111. 


172.  \>**^*i,  V-  V.V.*.  \>>^v  V.  \\\ . 
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NEW  JERSEY-Continued. 


Location. 

Depth. 

Diame- 
ter. 

Yield  perl 
minute. 

Gallons.  1 

150  1. 

...           1 

Height  of 
water. 

Remarks. 

Hudson  County— Continued. 
JereeyCIty(Meiil&Co.)«. 
Jersey  City  (coal  doek)«. 
Jersey  City  (John  Mehl 

&Co.). 
SecHUCus  * 

Feet. 
1,007 
450 
1,020 

fiOO 

405 

428-500 

481 
455 
480 
976 
470 

976 

530 
W5 
4<8 

800 

1.130-1,045 

1,330 

480 

450 

430 

445-480 

640-660 

500-525 

730 

577 

601 

430 

53.5 

7a5 

497 

4M.i 

480 

420 

1,131 

520 

715 

755 

I'A) 

710 

''7"> 

r,08-558 

43H  , 

710 
870 
y^h 
813 

r.7o 
4:J0 
575 
475 

Jnch(8. 

f^ct. 

Brackish  water. 

8 
6 

125  1 

8  ' 

107 

1 
Many.    . 

52  L 

Few.    . 
7    . 

-110 

No  flow. 

-161 

Soft   water:   temp 

of  flow,  54° 
Water  from  200  to '. 

Hunterdon  County: 

Flemington 

Mercer  County: 

HightMtown  * 

8-6 
ii 

8* 

Middlesex  County: 

Jamesburg^ 

New  Brunswicic  « 

Do.* 

10 

Very  bad  water. 
Very  hard  water. 
Water  at  300  to  350 

Do.  .     . 

Penh    Am  boy  (Eagles- 
wood). 
Sayreville* 

Nowatengranileo 

70  to  470  feet. 
Some  water  at  300 

8 

:::::::::: 
1 

:;i 

3 
1 

(i  , 

Alii 

8-4  ' 
3  1 

ti 

65* 

J50' 

20 

52 

Monmouth  County: 

Allenhurst*' 

Do 

Asbury  Park  "♦ 

Flows. 
Flows. 
Flows. 
Flows. 
Flow. 
Flows. 
F'lows. 
Flows. 

Flows. 
Flow. 
Flow. 
Flow. 

Flows. 

Good  water;  temp. 
2  wells. 

Pumps  125  gallons 
ute. 

Do 

Do 

Do." 

Atlantic  Highlands 

Do 

Avon  Inn** 

Belmar»* 

Do 

Deal  Beach 

4  wells. 

2  wells. 

Do. 

Farmlngdale  1^     

52'  . 

ioi)" 

m 

:>t) 

■JO 

Water  from  630  fee 

Hpzlel«& 

HolmdeP« 

Kev  East  »7 

Lake  Como'* 

Flows. 
Flows. 

-  V2 
■    34 

Flows. 
Fl«»w>. 

Flowv 

-  30 

5 

Flows. 

Flows. 
Flows. 

North  Spring  Lake 

Onkhurst>» 

Ocean  Beacli ^^ 

3 
3 
(.1 

l)o.-'i 

OocHii  G rovti  21 

I>o.«.. 

Poplar 

<i-U 

3 

ti  , 

r»o 

S<Mihrighl23 

Seagirt-'* 

Water  260  to  300, 3' 

O.H.-»  to715feet. 
Temp     65^"  water 

Do.  '^ 

570  and  f.94  feet. 

Spring  Lake 

1)() 

Telegraph  llill-<' 

West  Asbury  Park-" 

Morris  (%>unty: 

Morristown    (2    miles 
west). 
Oeean  County: 

Bavhead  

(■.-4i 

150eaeli.    . 

♦iO 

Flowv. 
Flows. 
Flows. 
Flows. 
Flowv 
Flows 
Fh.wv. 
osurlaee. 

1  wells. 

Do.  -'^ 

i>o. ...::::::::::::::: 

Rayhead  (1  mile  luKih ) -^' 

Bjiniegat  Park  >' 

Reach  Haven  «' 

Do. -'9 

4i-3 

:V 

io' 

125 

r,o  1 

Rerkelev  Arms 32 

uerKeiey -\rms« 47.>    

1  Record.   N.  J.  (Jeol.  Surv.  Kept.,  IH'JS.  p.  110 
aihid..  I.s8,s.  p.  77. 


aihid..  I.s8,s.  p.  ... 

3  Ibid..  1S7*),  p.  129.  lH,sO,  p.  172. 

Mhid..  1891,  pp.  200-201. 

ui)ui.,  ls,^o,  p.  u;:> 

<^n)id..  1S79.  p.  133.  l.*vs.».  p    H7;  \SK\  p 

Ml  (id..  1MS7.  p.  27. 

Mrnd..  1H.S7.  p.  27;  \Hs.^   p.  77. 

5'ItMd..  1S93.  PI*.  413-414. 
"•Uiid..  lHs3.  p.  20;  iSHi,  p,.  I'Jl 
"Ihid..  1895.  pp.  72-74. 
•-Ihld..  188.5,  J..  i:iO. 
'Mhid..  ls%.  i».  l.>4. 
•Ml.id..  189K,  pp.  98-100. 
'••Ibul..  1S97,  PP.217-24H. 
>M»ud..  1895.  pp.  147-148. 
"ibid.,  1902.  p.  68. 


Surv 


•ol..30.p.ltl2. 
Kept.,  1881 


113 


;  l.'^H5.  p.  129. 


•Mbid.,  1894.  p.  75. 
15 Ibid..  1903.  pp.  92-9H. 
'-'•  Am.  .lour.  Sii..  3<1  sc; 
aiRee«»rd.   N.  .1.  (ieol. 
188.5.  pp.  129-131 
«lbi«l  .  Is94.  pp.  71-7.'). 
«3  1bid.,  isw,  p[>.  7ti-77 
SMbid.    1S95,  pp.  75-76. 
«6  1bid.,  19(yj,  p  67. 
2«Ibid.,  IS9<>.  [.   153. 
37  Ibid..  1S99.  pp  74-76. 
"    '  "  ,  1902.  p.  Wk 

,  1«93.  pp.  391-396.  \^'}i\.  p    152 

.  1M96,  p.  154. 

.  1X90.  p.  2r»6;  1S93.  p{ 


«^Ibid  , 
»ibid., 
*>Ibid.. 
3'  Ibid  . 


-..,.,.  .  ,  ..w.  y.  .,„,.  ..,.,.,,  ,,,,.  :v.»4-3%. 
KIbid..  1884.  p.  127.  l88.^.  p.  133. 
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NEW  JERSEY-Continuetl. 


Location. 

Depth. 

Diame- 
ter. 



Inches. 
4 
4i 
10-41 

Yield  ptr 
minute. 

HeiKht  of 
water. 

Fett. 

FUiws. 
r     ♦» 
f     3 
f  17 
^200 
f  :« 
■^  42 

FIOWH. 

FIowx. 
+  14 

RcmarkM. 

Ocean  County— Continued. 
Harvey  Ci^lara 

"  Fcft. 

500 
500 
1,145 
475 
600-6-25 
790 
922 
80t) 
515 
425 
715 

4^. 

558 
1,000 
2. 100 

900 

4a5 
770 

f)21 

600 
400 

4.'.0 

Gallons. 
100 
I'M 

D().» 

Island  Height8< 

Water  from  36K  feet 

Lakewood^ 

3i 
100 
•25 
60 
45 
16 
10 

Do.* 

6 

Several  wells. 

MantoIolEinK 

Do.» 

Point  Pleaaant* 

Seaside  Park" 

H-t; 

Temp.,  580. 

South  Beach  Haven«.... 
Tonw  River® 

Paswic  County: 

Fdwaic 

h 
8 

H-i" 

210 
112 
Few. 
100 
100 

-28 
-  28 

Do 

Water  at  400  feet 

Do 

Pateraon »« 

Water  at  900  feet  only. 

Do 

Salfm  County: 

Darelown  " 

-100 

W(H)dsiown 

S<»mer«et  Count v: 

Bemardsvilio 

8 

w 

300 
Few. 

Flow. 

In  granite. 

rnuin  County: 

Kearney 

Flainfield 

In  red  i«hale. 

I'nion  

10  we  IN. 

Waverly 

'Rword,  N.  J:  Geol.  Surv.  Kept,,  1^96,  pi>.  Ui6- 

Mbid.,  1901.  pp.  66-68. 

'Ibid..  1885.  p.  131:  18M.  p.  ir>;  1895,  pp.  118- 
U9  1900,  pp.  148-1.50. 
*ibid..  189H.  pp.  96-98;  1899,  pp.  73-74. 

'Ibid.,  1895,  p.  77. 


«I»»id.,  1895,  pp.  7(;-77. 

Mhid..  lHy8.  pp.  101-102. 

"Ibid..  1891',.  pp.  175-177:  1886.  p. 211:  1899.  p.  109. 

*Ibid..  189-J,  pp.  399-400:  1894,  pp.  Ifi9-180:  1898, 
pp.  102-103. 
X'Ibid..  1879.  p.  128:  1882,  p.  143:  1885,  pp.  115, 117. 
"Ibid..  1897.  pp. '250-253. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  NEW  JERSBY. 

New  Jersey  Geological  Survey,  Reports  of  the  State  (ieologint  for  1«(j8,  1879,  1882 
tolHHo,  1887  to  1889,  1890,  1892  to  1899,  1900.  1901-2,  190:i 

Artesian  well  prospect.**  in  the  Atlantic!  Coantal  Plain  region,  by  N.  II.  Darton: 
United  States  Geological  Survey  Bulletin  No.  138,  pp.  39-115,  platen,  Washington, 

\m. 

XEW  3IEXI(;C>. 


Lrjcation. 


('havvz  Count  v: 

iH-xitT  (2'mile«  north-   | 
west).  ( 

I>exter  ( 1  mile  north » . . . 

iJexter   (1  mile   north- 

eMt). 
Dexter  ( 1  mile  south) . . . 


Dexter  {2  mile**  north- 

ea«t). 

I>exier 

Dexter  (5mile«ea*t) 

Dexter  (6  miles  eaj«t  i  — 
Dexter  (4  mile*  eiU't  >  — 
Dexter  (4  miles  north- 

eajit). 

Ha«rerman 

Ha«erman  (town  well ».. 
Haiirermao       <  4      miles 

M)iithwe»t». 
Rafferman     rift     miles 

northwest). 
Orchard    Park    a  mile 

matheaft). 
Rriewell  a  milecAftt).... 


Deoth  I>lHm»-    Yield  iMT    HeiKht  of  k,.m,irk« 

^^P'"-  ter.         minute.        wat«T.  Ktmark*. 

Fr^t.  /nrfiff.       tiiiWmn.  F*ti. 

9C.<J  (,\  [  J^*J    }      Flow*. 

\M^^^)  1. Flow-.     S'vithI    WHt»*r    horizons; 

wjit'f  ^ulphuretic. 
HKi  ♦i;  -.ViO  Flow?.. 

9»/»  ♦.!  "iirj  Flow*..     rrinfij»«l     natcrlx'arinK 

honzon*  at  'Sl\  Wv\  and 
»*i  f«-et. 

n«i    r.;  and  .')i Flow,     i    \sf\W.     t^veral    water 

horizons. 

l»Jt  7.  •  .Vj*.*  Flow.  III,. 

u.\    ^•,  Flow*-. 

fijii  : 

.'<•'.                :.,           :ilO  Flow-. 

VA    Flow«.. 

Ui^      

-    '•.;'.  7i In  j/T'/gnhi'. 

\.(*>\   1,-Vj<j         f:ow*. 

^»i 

"lij  f/t  >7  Flow-.     Wftt'-r  *«ilphuretl*'. 


86 


DEEP   BORINGS   IN    THE   UNITED   STATES. 
NEW  MEXICO— Continued. 


[XClrid. 


Location. 


Doming  . 
Lcona rd  W« )od  ( -on n  t  y : 

Paiftura 

Lincoln  County: 

Carizozo 

GalinaM 

O^cnra 
McKInley  County: 

(iallup 

Guam 

Manuelito 

San  Miguel  (.'ounty: 

Chapelle '. 


La«  Vegan  . . . 
Hantn  Fe  County: 

Santa  Fe 

Tao.sC-ounty: 

Servilletta-.. 
Union  County: 

Clayton..' 

Mount  Doru. 
Valencia  County: 

Dunui 

1^1  IMntada  i .' 


Depth. 


DIame-   Yield  per  |  Height  of 


ter. 


I  ■ 


minute.  |     water. 


Cha^'ez  County— Continued. 

Roewell i 

Ro^well  (5  mileH  south)  .j 
Roswell  (4  miles  east ) . . . , 
South  Spring  (3  miles 

northeast).  | 

South  Spring   (6  miles  , 

northeast). 
South  Spring  (10  miles 
northeast). 
Oolfaz  County: 

Baton 

Do I 

Do 


Donna  Ana  County:  i 

Lenark 

Eddy  County: 

Artesia 

Do I 

Do 

Do 

Do 

Do 

Artesia  (21  miles  south- 
east). 
Artesia  (7  miles  north- 
east). 
Artesia  (2^  miles  south-  ' 

west). 
Artesia  (1   mile  south-  ' 
east).  I 

Artesia  (2  miles  west)  . . . 
Artesia  (6  miles  south  j . . ' 
Artesia  (6  miles  south- 

west).  ' 

Artesia  (10  miles  south-  | 
west). 

EddyJ 1 

Lalce  Arthur 

Grant  County:  ' 


/ferf. 


440 
917  i 
560  I 

1 


InchcH.      Gattoug.  \       Feet. 

4  1  40  j  Flows. 
6i|  -h824  '  Flows. 
6|l  756  I  Flows. 
811 


400 
525 


1.878 

1,872 

+  2,600  I 


4|1 

7i 


•  I 


-f  517  I 


Few.  I 


Flows. 
Flows. 


-300 
-300 


Remarkri. 


1 


In  progress. 

Small   flow  at   190   feet; 
large  flow  at  :^75  feet. 


2  wells:  abandoned. 

Oil  at  various  levels;  Ra- 
ton Oil  and  Gas  Cix's 
well. 


950  I 

+835  '. 
580  |. 
823  . 
830  I. 
864  , 
893 
872  I. 

850  ' 

747  , 

760  i 

450  ; 
826  I 
813i 

I 

+rioo 
-1-600  ;. 

+515    . 
980 

8">7 

89.=) 
414 
489 

(MK)  : 

(iOO 

610 

l»60 

1,«<J() 

l.llA    . 


10-3     Several.  I '  Water  at  382  feet. 


Not  completed. 

Drill  twisted  off  in  well. 

In  progress. 


I 


44. 
44. 


562 


6    . 

6* 

6 

61  . 
6  . 
6 


-1.725 
1,168 


Flows.  I  Several  water  horizons. 

Flows. 

Flows.  ' 


95     pounds    pressure     to 

square  inch. 
Several  water  horizons. 


FlowN. 
Flows. 


Flows. 
No  flow. 


Many. 
70 


50 
70 


6 

V2 

12-7* 

10 

10-74 


10  Several. 

10  

10  Few. 

«>  Several. 


--  18 

-tm 

90  , 

-  :}<)0 

12S  ' 


-:no 
:<o 


Do. 
In  progress. 
Several  water  horizons. 


In  progrress. 
Never  U8e<l. 


No  water  l>elow  18,')  feet 
ruMiitisfaetory  water. 

\Vater-!>earin«:  be<ls  at  120 

and  :V<0  feet. 
Strongly   mineral     water; 

ahanaonetl. 


tk'iO 


750 
7:iH 


♦'.    ,  Dry  hole 


twl  water  HUpplv. 
Do. 


■  KH)   


'  Keconl,  Fifty-second  ('onKri'Ss.  1st  sess.,  Senate 
Ex.  D(K-.  No.  4l'.  i»Hrt  2.  p.  ]t\.  Washinfftoii.  1M>-J. 


3  Record.  T.  S.  Dept.  of  .V^riculture.  Artesian 
Wells  upon  the  (Jrrat  Plains,  Ucixirt  of  the  <m-<»- 
logical  ('onmiivsion,  \>.  :r>.  Washington,  issj. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS   IN   NEW   MEXICO. 


Ke]n»rt  on  Nt»w  Mr.\i<'o,  })y  L.  <i.  Carponter:  Fifty-iii><t  Coiigrt'ss,  first  sesjiion. 
Senate  Kx.  J)r)c.,  No.  222,  pp.  2.S.S-241,  Washington,  1S90. 

Report  of  P.  II.  Van  I>iest,  on  the  geological  eondition.M  of  artesian  basins  in 
eastern  Colorado  an«l    New   Mi'xico:    Kifty-in*st  ('on;jress,  iiist   He.^^sion,   Senate   Ex. 


J>ri 


jtjK  'j:i:i-24],  Washington,  \s\H). 
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currenoe  of  artesian  and  other  nndeigroimd  waters  in  Texaa,  eastenn 
,  and  Indian  Territory  west  of  the  ninety-seventh  meridian,  by.Bobert 
:y-seoond  Congress,  first  session,  Senate  Ex.  Doc.,  No.  41,  put  8,  pp. 
iington,  1892. 

irrigation,  etc.,  by  R.  J.  Hinton:  Fifty-second  Congress,  first  session, 
k)C.  No.  41,  part  1,  pp.  5-459,  Washington,  1892. 

NEW  YORK. 


Ion. 


I  brewery 

le» 

|mile»i< 

:y: 

3fl   and  gM 


tr)4., 
ear)» 


Friendship 


and   Belvi- 
¥een).» 


n  (near)*... 


n». 


(41    milcM 
:).w 
vicinity  of)' . 


,er . . . 

igh: 

adw. 


netery" 

onala  farm ) . 

and  4Uth  ntm. 
r  street,  Ar- 
othem. 


.Vest  utrectM . 


1" 

1  (north  of) 


oint  (near) . 
inty: 
near) 


Depth. 


Diame- 
ter. 


FkL 


Inche*. 


700 
3.012 
2.200 

680-1.419 

900-2,000 

I.a00-2,MU0 

HOi- 

1,800 

1,400 

1,300 
1,600 

3,326 
3,030 

[  1.203 

[  2,000 

1.298 

'  1,177 
400 
1.777  '■ 

1.000-1,847 
839-1,800 


720 

715 

740 

682 

1.802 

1,503 
800  : 

2,148 
610 

3.117 
2.000 
500 
1.516 
1.120 

1.5U0 

2.  iro 

1.7t)0 


Yield  per 
minute. 


QaUofu. 


t\     Many. 


I 


Height  of 
water. 


fV-6f 


60 


Sfveml. 


»rf. 


RAnmr^iiu 


+20 


Flows. 


Flows. 

108         Flows. 
70  ! 


I  City  wells. 

;  Gas  at  497  feet  only. 
For  gas;  unsDccessfoL 

Several  wells. 

Several  wells;  oil  or  gas. 

Do. 
Some  gas. 

Some  gas  at  700-800  feet. 
4  test  wells:  all  had  show 
of  gas  but  not  paj-ing. 

Some  oil;  other  deep  wells 
near  this  one. 

Pocket  of  gas,  soon  ex- 
hausted, at  900  feet. 

Some  oil  at  1,078  feet. 

Initial  production  of  25 
barrels  of  oil  a  day. 

8  wells;  some  oil. 


Several  wells. 
Important  oil  well  field. 


Do. 
Soft  water. 

Gas  at  600  to  580  and  1,110 
feet:  oil  at  710  and  1.060. 
Salt  water. 
No  water  below  97  feet. 

No  water  below  93  feet. 
BrackL«<h  water. 


-50 
-  6 


Salt  well 


analysis.  Am.  Inst.  Mining  Kn^- 
pp.  961-952. 
jilng  Kng.  Tnins..  vol.  It;.  i»p.  9.?^- 

ir.  State  Must-uni  Kt-pt.,  isy9.  pi». 


8-109. 
0-111. 


AbandontKl. 

I  Salt  well. 

I  '*  Frank  "  well. 

'  Several  wells,  with  strong 

I  i      giijt  pressure. 

»"  Record,  Pa.  2d  Geol.  Surv.  Ann.  Rept.,  1886. 
part  2,  pp.  774-775. 

i»  ReiM)rd,  etc.,  Am.  Inst.  Mining  Eng.  Tranw.. 
vol.  16,  pp.  930-934. 

1=  Record,  X..I.Gool.Sur\-.  Rept..  1896,  pp.  165-166. 

»3Ibid.,  pp.  156-157. 

"  Record.  V.  S.  Geol.  Surv.  Bull.  138,  p.  34. 

»  Reconl,  Geol.  Soc.  Am.  Bull.,  vol.  4,  pp.  98-W. 

"  N.  Y.  State  Museum  Rept..  1899,  pp.  rllfr-117. 

1*  Record,  Rept.  Supt.  Onondaga  Salt  Springs, 
18HS.  pi.  2. 
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LcH-ation. 

i 
Depth.      1 

Diam 
ter 

te- 

Yield  pel 
minute. 

Height  of 
wuter. 

JciL 

Remarks. 

Cattaraugus  County— Cont'd. 
Hinsdale  (near) ' 

+1,200  . 

1.500  1 

734-1.417    . 

1,050    . 

1,280    . 

2.750  1. 

1,471-1,546    . 

/           1,3^3  [1 

3,570    . 
1             3, 400*.  1 . 

Incht 

dtilUivti. 

Un£ucccssf  u  1 

Limestone  - 

4i 

For  gas  or  oil. 
Several  wells 

Glean  « 

Do.  « 

Small  amount  of  oil 

Do.  < 

Gas  well 

Otto  & 

Kock  Citv  (near)<i 

Oil  wells. 

For  gas;  un.»atisfactory. 

Gas  well. 

Salty  water. 

For  oil;  un.suecewful. 

Do. 
Ga.<)  well. 
Much  salty  water:  scvera! 

gas  wells  in  vicinity. 
For  oil;  unsuccessful. 
Several  wells;  oil  or  jja*. 

Versailles ' 

.... 

Cayuga  County: 

Auburn ' 

Do 



Aurora  2 

1.068  1. 
1 
2,332    . 
2,262    . 
1,975    . 
1,207  1. 

Chautauqua  Cx)unty: 

Charlotte  Center  ^ 

D0.9 

Clvmer  (4  miles  east)  ^". . 

Fredonia  'i 

Jamestown '5^ 

1,807    . 
1,200-1.800    . 

1,875  , 

900 
2,334  L 

900  '. 
500 
696 
602 

500  1 

416  i. 

(520  ! 

3,100  1 

940  ' 

425 

1,308    . 

490 
l.:^)5 

560    . 
l.l.'iO    . 
l.WH    . 

1,6^5-1.7(0    . 

1          l.-ir5  \ 
1          i.rm  1 

1, 000-3.  OtHJ    .. 

i.7:k)  .. 

MK)     .. 

1.720    .. 

2,100    .. 

1,2.50    .. 

770-l,.">(K)    -. 

Mayville's    

Chemung  County: 

Breesport 

... 





-  14 

Chenango  County: 

Norwich 

Small  amounts  of  gas. 
Do 

Do." 

Columbia  County: 

Burden 

Hudson  

6 

6 

6 

4U 

40 

I 

35 

+    2 
-110 
-  60 

+       i 

Do 

Do 

Do 

Delaware  County: 

Sidney  Center 

Dutchess  County: 

Barrvtown 

Fishkill-on-the-Hudstin  . 

Foiigiikecpsie 

Tivoli 

Erie  County: 

.Udoii>5 

t 

6 
5i 

3 
10 
50 

-  60 

-  125 
+  50 

-  30 

(Jas  well. 

BufTalo 

Do. 

D(..  >'■ 

Do. 

Do 

Do. 

Collins'* 

(las  at  1  106  feet 

Collins  (U  milt'*'  north- 
cast).  '« 
Dcpew 

East  Aurorii ' '•' 

(ias  well. 

4   wells;   small   supply  <    * 
gas. 

Salt  wells. 

•■•, 

East  Aurora  an<l  Onliard 
Park  (  bet  ween ».  -" 

Eden  Valley  ^'■> 

Garden  ville  21 

McMillan  well  --' 

For  gas;  un.siic<*essii;l. 

Salt  well. 
Do. 

New  ( )reg<^)n  - « 

N(»rth  ('«»llins2< 

rnsucccssful. 
Do. 

Port  Col  borne-' 

Springville  '"*' 

2  gas  wells. 

I'nsuccessful. 

W  wells;  2  unsuccessful. 

Do 

WilliainsviUe 

2,3(10    .. 

(Av.)  875 

'H 

No  flow. 

1  N.  V.  State  .Museum  Kept.,  1899,  ]).  rllS. 

2  Record,  Pa.  2(1  Geo).  Surv.  Kept.,  Vol.  1 1,  p.  272. 
"«N.    V.    State  Museum   Kept.,  1899.   pp.  rlls- 

119. 

<Am.  Inst.   Mining  Eng.  Trans,,   vol.   16,  i>p. 
939-940. 

^N.  Y.  State  Museum  Kept.,  1899,  j>i».  rll5-117. 
6  Record,  Pa.  2d  Geo).  Surv.  Rept..  V(»l.  I^.  p.  UX). 
'  Rec(»rd,  Am.  Geo!.,  vol.  25.  pp.  15()-160. 
e  Record.  Pa.  2d  (ieol.  Surv.  Rept.,  Vol.  I"-,  p.  325. 
Wbid.,  pp.  :i2.5-326. 
»"  Ibid.,  p.  228. 

"  .\nalv.sis.  Am.  Inst.  Mining  Eng.  Trans.,  vol. 
16.  i)p.  91H-923. 
»■'  Record.  Pa.  2d  Geol.  Surv.  Rept..  Vol.  \\  p.  12«.. 
"Record,    N.    Y.  State    Museum    Rept..    1S99. 
p.  rl20. 
»«  Record,  <;eol.  Soe.  Am.  Bull.,  vol.  1.  p.  95. 


>^N.  Y.  State  .Museum  Rent.,  1899,  p.  rl21. 

i**  Record,  Am.  Inst.  Mining  Eng.  Trans.,  vol. 
Iti.  pp.  l»24-'.»25. 

1'  Reconl.  N.  Y.  State  Mu.*«eum  Rept.,  isvn*. 
p.  rl22. 

'Mbid..  o.  rl2:{. 

'••Record.  Rept.  Snpt.  ( Hu>ndaga  Salt  Springs, 
IhH^,  pi.  2;  lxK.=».  p.  i.S. 

■-■"N.  Y.  State  Museum  Rept..  1899.  p.  rl21. 

2»  Rc«'ord.  R«*pt.  S<ipt.  Onondaga  Salt  Springs, 
188K.  j.l.  2. 

-"■^Record,  N.  Y.  State  Museum  Rept.,  1899, 
p.  rll7. 

-'  N.  Y.  State  Museum  Rept..  1899,  p.  rll6. 

•-'Mbid..  1..  rl2;i. 

''"  R(M'oril,  .\m.  Inst.  Mining  Eng.  Trans.,  vol. 
17.  p.  401. 

-«iN.  Y.  State  Mn.se)im  Rept.,  1S99.  p.  rl22. 
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Uication. 


Genesee  County: 

Alexander 

Batavia 


Depth. 


Fett. 


Corfu  (2  miles  west) . 

Darien>  .. 

Loroya  . 


(ireene  County: 

Cairo  (»J  miles  south- 
west)." 
Herkimer  County: 

llion* 


Diame- 
ter. 


Yield  per 
minute. 


Indies. 


Mohawk. 


Jefferson  Countv: 

Watert^>wn  » 

Lewis  County: 

Grei^ 

Livingston  County: 

Caledonia 

Do.« 

Cuyler\-ille« 

Dansville 

Dansville  (near)  f  . 

\u^ 

Greigsvllle* 

Do.i 


1.208 

1,24K 

+1.300 

87^1,008 

2,200 


1,135  ^ 

420 

530  j 

700 

1,100  I 
7«)  I 
1, 145 
1.800 
^508 
2.240 
1,138-1,145  I 
1,800 


8-6{ 


Gallons. 


8-6i 


Height  of  i 
water. 


Feet. 


-310 


-  30 


Lakeville** 

Leicester ' 

Livonia  » 

Do 

Mount  Morris*  ... 

Nunda  * 

Piffardw 

York* 

Madi«ion  County: 

Canastota 

Chittenango  "  . . . . 

Eagleville 

Eaton 

Morrisville" 

Union  town 

Manhattan  Borough: 

Governors  Island. 


l.tt-vs 
1,165 
1.432  , 
1,100  1 
1.130-1,422 


Shaft. 


961-1,141  ; 

828 

648  ' 
3,026 
1,889  , 
.      400 
1,889 


Tenth  and  Washington 

streets. 

Fifth  Avenue  Hotel 

Greenwich     and     11th 

streets. 


1.822 


1.108 
1,047 


Flows. 


600  I     No  flow. 


10 


United  States  Hotel 629  ( i)r  900 )    Several 

Twenty-eighth  st.,  near 

Broadway. 
Avenue  D,  foot  of  East 

Tenth  street. 


500                  8  100 

19-1   .Several. 

fiOO  S  TOO  j 


Remarks. 


{-'•'  i?sg  h 


Salt  well. 

veral  gas  wells. 

Salt  wells. 

For  oil  or  gas;  abandone 

Gas  in  small  quantities 
800.  950.  and  1,000  feet. 
Sulphurous  water. 

Some  gas  at  253  feet. 

Bored  for  oil. 

Salty,  sulphurous  wat< 
Salt  well. 
Do. 

Gas  at  295  and  508  feet. 
No  gas  reported. 
Salt  wells. 
For  gas:   unsuooessfi: 

black  sulphur  water 

1,315  feet. 
.Salt  well. 

Do. 

Salt  mine. 

Salt  well. 

Several  salt  wells. 

Do. 

Salt  well. 

Bitter  brines. 
Gas  well. 


Do. 
Do. 

Flow  of  15  gallons  at  1,: 
feet  was   increa**ed 
torpedoing;  salty. 


Fourth  avenue  and  47th 

street.  I 

Ffx>t  of  47th  St '  402    

Eleventh    avenue   and  TOO  8 

59th  street. 
Fourth  avenue  and  51sl  1 ,  194    

street.  | 

Eighth  avenue  and  72d  l,iMX)  s 

street. 
Fifth  avenue  and  59th  50(»   

street.  i  I 

Third  avenue  and  92d  (;s5  9 

street.  I 

Eighth  avenue  and  145th  (X)5  ;         10-8 

street.  1 

>  N.  Y.  State  Museum  Kept..  1899,  i».  rl2*, 
'Record,  Rept.  Supt.  Onondaga  Salt  SpriUKH. 

1888,  pi.  2:  1884,  pp.  19-20. 
'Record,  Am.  Inst.  Mining  Eng.  Trans,,  vol. 

16.  p.  966. 

*  Record.  Am.  Geol..  vol.  25.  pp.  1;J2-135. 
»  Record,  Geol.  Soc.  Am.  Bull.,  vol.  4.  p.  107. 

•  Record,  Rept.  Supt.  onondagn  Salt  Springs, 
U88.  pi.  2:  1885,  p.  15. 

'  N.  Y.  8tat«  Museum  Rept..  1899,  p.  rl28. 


No  flow. 


No  flow. 


No  flow. 


No  water. 


100 
Few. 

8 

3(H) 


No  flow. 


No  How. 
No  flow. 
No  flow. 
No  flow. 


i^RiM^onl,  Kept.  Supt.  Onondaga  Salt  Sprini 
I888.pl.  2. 

«Am.  Gi'Ol.,  vol.  15.  p.  379;  N.  Y.  State  Ge< 
Rept..  189;^,  vol.  1,  p.  13. 

•^Record,  Rept.  Supt.  Onondaga  Salt  SpriU] 
1884,  pp.  20-21. 

»'  Record,  Geol.  Soc.  .\m.  Bull.,  vol.  4,  p.  101. 

IS  Ibid.,  pp.  9<V-97;  Rept.  Supt.  Onondaga  Si 
Springs,  1888,  pi.  2. 
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Location. 


Rensselaer  Countv: 

ShcKlack  Ijanaing . 
Richmond  County: 

New  Dorp 

Hoflfmans  Island  .. 
Saratoga  County: 

Ballston 

Do 

Sarat(^a  SpnnK8  .. 
Do 


Do 

Do 

Do 

Do 

Do 

Do 

SchuylcrviUe 

Schenectady  County: 

Niskayuna 

Schuyler  County: 

Glen  Springs 

Watkinn 

Do« 

Do» 

Do> 

Seneca  County: 

Seneca  Falls 

Do 


r.-_,,-       I   Diame-  'Yield  per;  Height  of 
i/epui.      I      jgy       j  minute.  ,     water. 

I 1 

FYet.       I    Inches.   I  d'aUons.  I       Feet. 
1.000?    ! ' 


Steul>en  County: 

Addison   and    Corning 

(between).* 
Bath  (half  mile  south). 

Bloods* 

Campbell  Township* 

Campbell  « 

Canisteo 

Canisteo  (and  vicinity) ' 
Corning  ^ 


r.00 
1,000 

bm 

77« 
400 
1,006 
600 
440 
5.10 
425 
478? 
422 
610 

400 

1,500 
2,100± 
1,100 
HOO 
1.715 

3. 56(» 
400-5U0 

1,500 

1.148 

2. 050 
1,495 
2,800 
2, 250 
2,000 
735-1.300 
3,000 


+  60 
-  3 


+  76 
Flows. 
+  40 
+40 
-16 
+  40 
-16 


Flow. 


Remark.^. 


Salt  well. 


No  water. 

Salt  water  to  900  feel 


Mineral  water. 


Cohocton  (near) [ 

Howard  (one-half  mile  ' 

west). 
Hornby  Township  (near 

south  lino.- 
Hornellsville  ' 


Do. 


Do.. 
Lavona  '^ 


PnittsburK     (li 
south  west  j.* 


miles 


Hexville-' l.Txi 

Rheims  '^ 

Spring  Mills  i  near)  ^ 

TroupsburK' ' 

rrbanu 

WwdhuU , 


Wvloysvilk-'- 

Suffolk  Couiily. 

Cold  Spring   Harbor  (1 
mile  north). 

Do 


Fishers  Island 

Huntington     (2     miles 

northwest), 
(^reenporl 


2,  CKH) 
1..VJS 
2. 2W 
1,MX) 


1,522 
3. 005 

1 .  SCO 

1 .  200 
.-MM 

2, 0(X) 

i,e.;i.T 

(^82 

2.  UKj 

3.  (XH.) 

2.010 
410 
400 

498 


Do. 


For  oil:  unsuccea^ful 
Several  salt  wells. 
Abandoned. 

Gas.  at  1,850  feet. 

Gas  well. 

Several  salt  wells  in' 

ity. 
Gas  well. 


Gas  well. 

Showing  of  ga.s. 

For  gas:  unsucceasfi 
I  For  oil  or  gas. 
j  Several  unsuccessfu 
I  Several  gas  wells. 
!  Salt  water  prevente 
I      ther  drilling. 

For  oil. 
'  For  oil  or  gas:  unsu 
I      ful. 
;  Gas  well. 


.;  Good  veins  of  gas  i 

I      1.250.  and  1.560  fe< 
.!  (tas  at  6.50,  940.  an( 

I      feet.    3    wells   of 

I      depth. 
.'  (ias  well. 

'  2  wells:  little  gas  a 

'      in  both. 


•| 


10    ;  r     1 

75  '      No  How. 


Orient      (Long     Beach  -^406  ' 

Point).  I 

^N.  Y.  Stale  Museum  Rept..  1899,  p.  rl27. 
2 Record.  .\m.  Inst.  Mining  Eng.  Trans.,  vol.  16, 
p.  949. 
'*  Record,  N.  \  .  .^tate  Museum  Rept..  1^99.  p.  ri;W. 
<N.  Y.  State  Museum  Rept..  18i>9,  p.  rl28. 


■•Ibid.,  p.  rUVj. 
•^Record,  (icol.  .s^oc. 
■  Recoid.N.  V..^uit». 
Mbid.,  p   rl29. 


Do. 
showing  of  gas. 
Small  amount  of  ga 
(ills  well. 

Cnsuccessfuloil  we: 
oi  water  at  300  fet 
(ias  well. 


Watorbonring  bed."- 

and  3i3  feet. 
Sal'  water. 
ln(omf)U-tt';  no  wa 

low  Sh  feel. 
Salt  water  225  to  55 

small  Mow  ol  fresl: 

III  ♦»«;.">  loot,  bed  1 

(.70  icet. 
Salt  water. 


.\iii    lUill..  vol.  4.  [>p. 
.Musfum  Rei)t..  1899, 
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Location. 


ullivan  County: 
Xeversink  (near). 

'  3oj(a  County. 

Wexl  C^indor.* 

~ompkiii.««  County: 

Ithaca 


Depth. 


Feet. 
1,400 


1.200 


Diame-    Yield  per   Height  of 
ter.      I  minute.        water. 


Inches.   •  GaUous, 


Feet. 


2.250 
2.2o0 
3,185 


Ithaca  (one-fourth  mile 
t*outh).2 

Ludlowvllle 

Vayne  County: 

Alloway  » 

Clvde 

'  Do* 

Lyons  (2  miles  south )&.. 

\\olcott« 

.Vesichesler  County: 

New  Kochelle 

Port  Chester 

Do' 

Purchase 

Rye 

WyumiuK  County: 

Allien* 

Bliss" 

Castile  »•' 

Pearl  Creek 1,182-1,194 

Pearl     Creek     (1     mile  1,241 

south). 

Ptrry" 2.108 

RwkGlen* 2.111 

Saltvale* 1,436 

Silver  Springs* 2.254 

Warsaw* l,f.09-2,039 

Wyoming* ;  1,321-1,530 

Yaies  County: 

Dundee 2.000 

Do 1,200 

Penn  Van '» 


10-6}  . 

8-5|  . 
8-5|  . 


1.821 

2,365  , 

450 
1.7W  I 
2,340  ' 
2,383 

1. 155 
500  and  639 
417 
600  , 

500  ! 

1,960  , 
2.956  I 
2.5-25  : 


Remarks. 


Do.i«.. 
FortGreble". 


2.053 
762 


Gas  boring;  abandoned. 
Barren. 

I  Two  dry  «alt  wells. 
Gas  well. 

Salt  wells. 


No  gas  of  value. 
Gas  well. 


2  welKs. 
Satij»factory  supply. 


Gas  well. 
Salt  well. 
Salt  wells. 
Do. 

Heavy  bed  of  salt. 
Salt  well. 

Do. 

Do. 
Numerous  salt  wells. 
Salt  well. 

Rock  salt  at  1,800  feet. 

Small  supply  of  gas   ft  r 

several  weeks. 
Not  enough  gas  to  utili;^o. 
Moderate  supply  of  water 

of  good  quality. 


'N.  Y.  State  Museum  Rept..  1H99.  p.  rl32. 

*Record  and  analysts.  Am.  Inst.  Mining  Eng. 
Tranv.  vol.  16.  p.  941;  Rept.  Supt.  Onondaga  Salt 
i^Pnnifs.  1888,  pi.  2. 

Miword,  Am.  Geol..  vol.  2.').  1900,  pp.  353-355. 

^Record,  Am.  Inst.  Mining   Kng.  Trans.,  vol.  16, 

^Partial  record.   N.   Y.  State   Museum   Rept.. 
I«9.p.rl33 
'Am  Inst.  Mining  Eng.  Trans.,  vol.  13.  p.  9t3. 
■  X.J.  Geol.  Surv.  Ann.  Rept..  1900.  p.  156. 


"Record,  Rept.  Supt.  Onondaga  .salt  Springs, 
1888.  pi.  2. 

•Record.  N.  Y.  State  Museum  Kept.,  189J.  p. 
rl33. 

•"Record.  Rept.  Supt  Onondaga  Salt  Springs, 
1888.  pi.  2:  Rept  .  1885.  p.  15. 

"Am.  Inst.   Mining  Eng.  Trans.,  vol.  16.  pp. 
939-940 

'2  Partial   record.  N.  Y.   State  .Museum   Kept.. 
1H99.  p.  rl34 

'»N.  J.  (ieol.  Surv.  Ann.  Kept..  1900,  pp.  15.V1.V). 


PRINCIPAL    PUBLICATIONS     RELATING     TO     DEEP     BORINGS     IN 

NEW   YORK. 

Annual  Report  of  Superintendent  of  Onondaga  Salt  Sprinjrs  for  1888,  26  pages, 
platfs,  Albany,  1889. 

Thicknes.s  of  the  Devonian  and  Silmian  r<)ck.<  ol  central  New  York,   by  (i.  S. 
Prosser:  American  (ieological  Society  Hiilletin,  voliune  A,  pages  91-118,  Rochester, 
J89.3. 
L'nitefl  States  Geological  Survey  Bulletin  No.  l.is,  *J32  pages,  Washington,  1896. 
Gas  well   section.*?   in    the   upper   .Mohawk    N'alley  and   central    New    York,  iiy 
0.  8.  Prosser:  American  (ieologi.st,  volume  25,  pages  131-162,  March,  1900. 

Petroleum  and  natural  gas  in  New  York  State,  hy  C.  A.  Ashburnei:  American 
Iiwtitute  ot  Mining  Engineer.'*  Transactions,  volume  16,  pages  906-953. 

Section  ot  the  .Viloway  (New  York)  well,  by  C.  S.  Prosser:  American  Geologist, 
volume  25,  1900. 
Fifty-third  Annual  Rei)orL  ol  the  New  York  Stale  Museum  for  1899. 
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DEEP  B0BING8  IN   THE  UNITED  STATES. 
NORTH  CABOLDTA. 


(laM. 


Location. 

Depth. 

Diam- 
eter. 

Yield  per 
minute. 

Height  of 
water. 

Renutfks. 

Durtuun  County: 

Daiiiun 

Ad. 
1.087 

JacAei. 

Cfalkm$, 
18 

No  flow. 

Johnston  County: 

Selma 

2deepweUa. 

Dry. 
DrybelowWfe^ 

Mecklenburr  County: 

Charlotte 

'900 
600 

616 

400 
496 

1,144 

1.000 

1,060 
600 

720 
1,060 

600 

2 

Davidson 

Moore  County: 

Sanford 

61 

45 
8 

—  3 

New  Hanover  County: 

Hanf  mock* 

Water  at  100  feet 

Wllminflrton  

Flows. 

Saline  water. 

12-« 

200 

Flows  of  brackish  vUff 

Rowan  County: 

QoldhlU... 

-20 

flow  at  6M  feet:  gmlli. 
1,109  feet  to  bottom. 

Shaft  sunk  for  gold. 

Stokes  County: 

Walnut  Cove 

2* 


Walnut  Cove  (1    mile 

Mineral  water,  foodlov. 

,  ^    south). 
Union  County: 

Monroe..... 

6-6 

7H 

To  surface. 
Near  sur- 
face. 

Do 

8-6                   2H 

Wilkes  County: 

North  wilkesboro 

8 

86 

Uncompleted. 

Science,  new  ser.,  vol.  11, 1900,  pp.  128-180. 


PUBLICATIONS   RELATING   TO  DEEP  BORINGS   IN    NORTH 

CAROLINA. 

Artesian  well  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton: 
U.  S.  Geologi(^l  Survey  Bulletin  No.  138,  232  pages,  plates,  Washington,  1896. 
Science,  new  series,  volume  11, 1900. 


L<  ►en  I  ion. 


Barnes  County: 

AMhtabulH  (2i  miles  west 
of). 

Wimbleton' 

BillinjfH  County: 

Modora  > 

BurlciKli  County: 

Bismarck  1 

Ca>w  (.onnty: 

BufTtilo  (6  mik'j*  north- 
east). 

Tower  City  i 

Dickey  County: 

Ellendale     (I'J    mi  left 

northeast). 
Ellendale    (15    miles 
n<»rthea.st). 

Ellendale' 

Ellendale  ( west  of) 

Ellendale     (12     mileH 
north  we-st). 

Ellendale  I 

C}lov<»r  (neari  

Do 

Ludden  (wjuth  of) 

Ludden  (north  of) 

I>o 

Oakes » 


NORTH  DAKOTA. 


Dep(h. 


Diam-    i  Yield  per,  HelKht  of 
eter.     i  minute.  ,     water. 


RemarkB. 


Feet. 
1.340  , 

1,557  I 

941  ' 

I 

l.Slft  I 

514' 


Inches.    I  (rallontt.  \ 


•.JOO  . 

S3  , 

I 


fVtt.       I 

—  11     Principal  water  horiion  at 
I      1,325  feet. 

4-1K4   I 

I 

+  34J, 


H-4  I , Xoflow. 


716  ' 


I 
1,022  ' 


6-4*; 

1  i 

2-1  ' 


•I 
25  ' 

20-25  ' 


I 


-115     Staple's  well. 

-122  I 
Flows. 
Flow.-. 

-138  ; 


8(i0 

♦)U0  , ' ' No  water. 

1.015  ,  1 


I 


.087 


I 


+2r)()  I  Water  at  1,042  feet. 

"V'iii'l 
i 


4j-3|'  700 

n         »7  , 

1.000  I  2    

940  ,  2    

1,050  I  II  10  ' 

9«0  I  2    +f.5  ' 

977    ' '  Water  at  790.  845.  870.  ai^ 

I  '      937  feet. 

1  U.  S.  Qeol.  Sur>-..  17th  Ann.  Kept.,  1895-9t),  r^rt  2.  pp.  59-<«. 


DEEP  BOEINGS   IN   THE   UNITED   STATES. 
NORTH  DAKOTA— Continued. 
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ition. 


y— Continued. 
«tof) 1 


miles  north- 
nty: 


:y: 


nty: 


tv: 

ke*. 

ty: 

ir).. 


(near). 
urt  of)  . . 


St  of)  . 

ir).... 


e  (near) 

ear) 

ortheaMt  of)  . 


nty: 

n  (asylum)  2., 

n^ 


tear) 


Depth. 


Diame-    Yield  per 
ter.        minute. 


/Vrt. 
1.050 


944 
906 


1.854  I 

2.000 
1.311 

1.565 

1,620 


960 


960 
650 
875 
980 
•600 
685 
1.075 


1.325 

1,624 
1.476 


560 

912 

2. 125 


Height  of 
water. 


Remarks. 


8-3 


8-3|' 
6M*| 


82 


4,3 


30 


U 

111- 

Ui  33  I. 

H  35  I 

2  I  (>4  , 

1|!  35  I 

IJ  30    . 

2    


2  30 

2  136 

2  .  4 


4 

460 


175 

700 

24 


Inches. 
2 

OcUlon*. 

Feet. 

2 

+31 

U 

6 
10-4 

20 

500 
3 

Flows. 
+188 

6 

16* 

+  60 

+138     Water  at  1,800  and  1,350 
feet. 
Water*  at  327  feet  only. 
No  flow. 


+  46    Flow  at  1,470  feet. 
i  2  wells. 


+  184  I 

-hl60 

+276 


No  flow. 


+223    Water  at  1,385  and  1,468 
feet. 

Flows.  I 


Flows.  I  Pressure  13j)ounds. 


U\  S.  Geol.  Surv..  17th  Ann.  Kept..  1895-96,  part  2.  pp.  59-63. 
«5l8t  OjnR..  1st  sefw..  Senate  Ex.  Doe.  No.  222.  1890,  p.  322. 
3  Record,  ibid.,  1890.  pp.  107-108. 


^L  PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN 
NORTH  DAKOTA. 

[  F.  S.  Underhill  for  North   Dakotji:  Fifty-firnt  Congress,  first  se^»8ion, 

Doc.  No2:>2,  pages  lO.VlO*),  Washington,  1890. 

1  Irrigation,  Fifty-second  Congress,  first  se.^^sion,  Senate  Kx.  T)oc.  No.  41, 

!s6<>-72,  87-94,  VVashington,  181)8. 

iry  report  on   artesian  waters  of  a   portion  of   the  I)akota8,  by  N.   H. 

iited  States  (ie(>logical   Survey,   Seventeenth    Annual    KeiK)rt,    1895-9(), 

«  609-694,  Wasliington.  hS96. 
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DEEP   BOBINGS   IN    THE   UNITED   STATES.  [i 

NORTH  CAROLINA. 


Location. 


Depth. 


Diam-    i  Yield  p«r    Height  of 
eter.      i  minute.       water. 


RemarkH. 


Durham  County: 

Durham 

Johnston  County: 

Selma 

Meclclenburg  County: 

Charlotte 

Davidson 

Moore  County: 

Sanford 

New  Hanover  County: 

Hammocks 

Wilmington 

DoT 


Ff€t. 

1.037 


Inches. 


GcUlon*.  ' 

IK  I 


Feet. 
No  flow. 


"900 
500 


515 


1 


400 

495 

1,144 


I  2  deep  wells. 

Dry. 
j  Dry  below  80  feet. 


61' 


8  I j  Water  at  100  feet. 


200 


1 


I 


Rowan  County: 

Goldhlll 

Stokes  County: 

Walnut  Cove 

Walnut  Cove   (1    mile 
south). 
Union  County: 

Monroe 

Do 


1,000 


Flows.  I  Saline  water. 

I  Plows  of  brackie 

at  879.  A9G,  574, 

and  9H9  feet;  21 

'      flow  at  518  feet; 

'      1,109  feet  to  bot 

-•20  I  Shaft  sunk  for  go! 


1,050  2i\ 1 For  coal:  unsuccc 

500  ! ' , Mineral  water:  g( 


Wilkes  County: 

North  wilkesboro . 


720  , 
1,050 

600  i 


ft-5  ' 


28  ,  To  surface. 

28  I  Near  sur- 

j       face. 

85   


Uncompleted. 


» Science,  new  tier.,  vol.  11,  1900.  pp.  128-l.SO. 

PUBLICATIONS    RELATING   TO   DEEP   BORINGS    IN    NORl 

CAROLINA. 

Artesian  well  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  1 
U.  S.  Geological  Survey  Bulletin  No.  138,  232  pagen,  plates,  Washington,  189< 
Science,  new  series,  volume  11, 1900. 


XOKTH   DAKOTA. 


Location. 

Depth. 

Diam- 
eter. 

Yield  per 
minute. 

■2W  , 

Height  of 
water. 

Fttt. 
-  11 

^  34i 

Remarks. 

Barne.s  County: 

Ashtabula  (2J  miles  west 

of). 
Winibleton '      

Fed. 
1.340    . 

1..W    . 

941 
l,3ir>  1 

514    . 

71  r»  ' 
1.022  1 
1.036  ' 

HOO     . 

r.(K»  . 

1,015 

i.asT  \ 

Inrhtif. 

Prineipal  water  h 
1,325  feet. 

Bill ing«  Count v: 

Me«lora>..." 

4 
s-4 

(Mi 

1 
•2-1 

i' 

M-'M 
li 

2 

i; 

.\nn.  K» 

Burleigh  County: 

Bismarck' 

No  How. 

Cass  Coiintv: 

Buffalo  (6  miles  north- 

«-ast). 
Tower  <'itvi 

■J  5 

■2(^-■J5 

•J5 

^115 
-VS2 

Floww. 

Fl<»ws. 
-13>^ 

{Staple's  well. 

Diekcv  I'onntj : 

Ellcndale     (12    milt's 

northeast). 
Elleiidale    (15    miles 

nortlieast). 
Elh'n<lalo>  

EUenMalr  (  west  of) 

Ellcn«lale     (12     mili'S 

N<i  water. 

n<»rthwcst). 
ElU*n<laU'> 

TOO 

fLMiO 

Water  at  1  Oi'2  fee 

(flover  (near)  

Do.       .                   

1 .  (H)0 
940 

1.050 
9K) 
977    . 

H>1.  Surv..  17tl 

^111 

Lud<len  (south  of) 

Liulden  (north  of) 

Do 

10 

i-('.5 
,  part  J.  i.p 

Oake^  I 

y>t..  iy.»'v-'.t4 

Water  Mt  790  H15 

>  C.  s.  Gi 

'.»,:7  feet. 
.'i9-(.:>. 
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OHIO— Ck)ntinued. 


.'ation. 


nty: 
lle«.. 


Depth. 


Diame-    Yield  per 
ter.        minute. 


(1  mile  north- 


'  erry  < 


ton. 

ty: 
rab. 


I 


Feet. 

2,700  . 
f  1.550  I 

t  2,700 

1,680 

1,707 

2,300 

2,326 

1.237-1,900 

1,812-1,858 
1, 125 

800-1,200 


Inche$. 


OalUnu. 


Height  of 
water. 


Feet. 


Remarks. 


1 

5i 



li.. 

wn* 


I  Gas  wells. 
Small  gas  wella. 
Salt  water  only. 


Several  wells. 

Gast. 

Qas  wells. 
No  product. 


ty: 

im  (east of)'... 

of  7 

iwestof' 

Township* 


550-700  I Gas  wells;  small  flow. 

1,060  Some  gas  and  Halt  water. 

1,365  I Shale   gas    and    sulphur 

water  only. 
6    Salt  water  and  some  gas. 


,220 


953-1.040  ; 4  wells. 

1,13.'.  ' ' 

1,177  I I 

1,500 I  Dry  hole. 

928  I I ;  Good  show  of  oil. 

(iiorthof)' 1,032 

rownshipv 1,130-1.240   f I  4  wells;  3  produced  oil. 

krillc(we8t)«' +900   1 Gas  and  tialt  water;  well 

I  abandoned. 

•wn.«»hip» 1..500   1 Someoil. 

2,000   ' Large  flow  of  calt  water. 


bounty: 


r 


I,:i07-1,3.50 

isle's l^Otk) 

-nship'* 1,380 

ld« 1.140-1, 2(K) 

unty: 

1 4(j() 

burg 660 

ikH) 

ity: 


rl,000   Two  unsuccessful  borings. 


ina»* 

1.7H.') 

County: 

1    OOH 

stjuth  of)'* 

1.507 

4'2.5-4.')0 
i3.000 
2, 9.>4 
1,700 
+72.') 
+618 
•iOO 

i.r»K2 

426 

1,600-3.000 

1.012 

1,350-1.370 

TMX) 
l.:}.')0-2.930 

rpool'" 

rv  Rim»» 

rle«  well 

slino  ciiear)  -^'.. 

K*»ter-' 

rtli  (near)  *'.... 

in«. 

I  (TowuHhip)... 

Township -< 

"ownship*-^ 

on  ••» 

ip  unknown)  .. 

Very  small  showing  of  gas 
I 
j  For  gas;  unsuccessful. 

Several  wells;  failures. 

Gaswell. 
I  Small  flow  of  gas. 
I  Unsuccessful. 


Salt  water  at  1,785  feet. 

Several  gas  wells. 

Much  salt  water;  some  oil, 
well  closed. 

Several  gas  wells. 
Dry. 

Oil  well. 


l.  Surv.  Kept..  1890.  p.  2.')4. 

i.  vol.  6.  p.  406. 

).  pp.  253-264. 

J,  vol.  6.  i»p.  404-406. 

bid.,  p.  •292-293. 

94-295. 

I.  Surv.  Bull.  No.  19S.  I9tr2.  pp.  iVIW. 

.Surv.  Bull.  .No.  I.  Ith.s«>r..l903.p.293. 

194. 

bid.,  Rept..  l.S>vs.  vol,  «',,  pp.  276-277. 

!75. 

278-280. 

I.  .Surv.  Kopl..  1^8.s.  vol.  6,  p.  :W1. 
296-297. 

II.  Nr>.  1.  4th  MT..  1903,  pp.  26:j-264. 

49—05 7 


Brine. 
3  wellw. 
Oil  well. 
Gas  wells. 

3  wells. 

'«  Record,  ibid.,  pp.  261-262. 

''  Ohio  Geol.  Surv.  Bull.  No.  1,  4th  ser.,  1903,  p. 
2r>8. 

«- Record,  ibid..  Rept.,  1888,  vol.  6.  pp.  331-334. 

>»  Ibid.,  pp.  322-328. 

^•Ohio  Geol.  Surv.  Bull.  N<».  1,  4th  ser..  1903,  p. 
256. 

2'  Ibid.,  p.  257. 

a  Record.  Pa.  2d  Geol.  Surv.  Ann.  Rept..  1886, 
part  2.  pp.  784-786. 

MOhio  (Jeol.  Surv.  Rept..  1888.  vol.  6.  p.  322. 

•i*  Ibid.,  Bull.  No.  1.  4th  ser..  1908,  p.  258. 

5»lbid.,  p.  259. 

»» Record,  ibid.,  Rept.  1888,  vol.  6.  p.  401. 
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DEEP   BORINGS   IN    THE    UNITED   STATES. 


[xo.  149. 


OHIO. 


Allen  County'. 


Depth. 


iy;et. 


Diame-    Yield  per    Heihjft  of 
ter.      [  minute.       water. 


Remarks. 


Inches.   I  Oallona. 


Feet. 


Amunda  Township | 

Beaverdam  * 

Blufrtons I 

Delphos* 

Delphow  (Kill  farm )2i.... I 


10-.Si  . 


75 


1.200 
1,'Mb 
1,328 
1,250 

1,218    1 Oil  welK 

Lima*... '  1,200-1,400   Numerous  oil  welfe  hm 

and   in   coanty:  modi 


Many  oil  and  gas  veJK 

83  per  cent  produces. 
8a It  water  at  20  feet. 
For  oil;  salt  water  found. 
Unsuccessful. 
l>o. 


Sponcerville  (near) 7. 


Westminnter*  . 

West  Newton". 

Ashtabula  (V>untv: 

Ash  tabula  9 


Cherry  Townnhip  »<• 

Conneaut "  

Do 

Jeflferson  '*' 

Jefferson  (2  miles  north- 
west) .  ^" 

North  Kingsville" 

Geneva  '^ 


1,400 
1,440 

500 

2,775 

850 

+1,942 

2, 140 

1,989 

1.200  i 
850-1.375 


I 


Jefferson  (near)". 
Jeflferaon ; 

Do 

South  KiuKsvillei- 

Athens  County: 

Athens  (3  miles  north-  ' 
east  of  court-house).  '* 

Athens ' 

Athens  (IJ  miles  west)^**. 
Athens  (near)"* 

l)o.«'» 

Berne  Towii.ship^^ 


1,992  f. 
2,021  ,. 
2,110  1. 
1,200    . 

I 
I    . 

I 


1,250 


salt  water  foand. 
Several  wells;  good  flow 

of  gas  with  some  oil. 
For  oil  or  gas;  failure. 


Gas   250^500  feet;  itim 
brine  at  400  and  SCO  feet 

Small  gas  supplr. 
Much  strong  brine. 
Some  oil. 
Considerable  gas. 


2  wells;  fair  flow  of  gt«: 
numerous  other  welJ:s  in 
the  county. 

Gas  and  oil  well. 

Gas. 

Dry. 

Gas  well;  some  oil. 

Some  oil  and  gas. 


Canaiin  Township' 

Marshneld      C 
north  wt'st).  '** 
Mineral 
Do.i^ 
Nt'lsi.nisonvilk''*'. 


Trimble  Township-" 
Aujjlaize  County  " 


n»  i  1  o 


Cridorsvill*' 
Duchouquet 
Logan  Township ■-'5' 


81.  MarvM-3 
l>o. •-•».. 
l)o.».. 

Uni< 


olis 


WapaktuicUi-*. 


U>hio  (Jcol.  Surv.  Bull.  No.  1.  1th  mt..  rxw.  j.p. 
78-Hn. 

"Ibid.,  p.  7<».  Ahand()iie<l  at  l.;K>9  iVet  in  ISSC); 
new  ca.sink'  iu.'»frt«'<I  in  isw.  and  pinniiiuK  <'aust'd 
well  to  pnxiucf  'J.'»  barrels  of  oil  per  <lay,  but  this 
rapidly  docrras*'*!  to  a  very  small  amount,  other 
pr«Mluctive  wells  near. 

3  Ibid..  Kept.  lK.Sh,  vol.  »;.  p.  'IICk 

■•  Record,  il)id..  \>.  240. 

^Ibid.,  1K«.)0.  i».  217. 

•■'Ibid.,  ivss.  vol.  r..  pp.  l(>.>-p:s. 

'()hio(irol.  Surv.  Hull.  No.  1.  Itli  ser..  UHKJ.  p.  si». 

<*  Record,  ibid..  Rept.  1^*^H.  v(,l.  c.  j).  irjo. 

»Ibid..  pp.  V2i  A2.'k 

'"Ohio  Geol.  8urv.  Bull.  No.  1.  lib  ^or.,  VMXi,  p. 
3u:3. 


"  Ibid..  Rept.  1S88.  vol.  6.  pp.  422-423. 
1-  Ibi<I..  Bull.  No.  1.  4th  ser.,  p.  802.  ^ 

1'  Reconl.  ibid..  Rept.  1888,  vol.  6.  pp.  425-42**- 
H  Ibid..  Bull.  No.  1,  4th  ser..  1903,  p.  21. 


±1,200  ; I Oil  and  gas  wells. 

1,050 Some  gas;  abandoned. 

1,135 Salt  water,  oil  and  pL«. 

1, 144  I Considerable  gas;  nooil 

+  1.300  ; , 2weU8:  yielded  much  alt 

water    and    little  oil: 
I  I      abandoned. 

+  1. 244    Abandoned  on  account  of 

.  I      acc^ident  in  shootinft- 

2,718 


Many  salt  wells:  onesM'l 

gas  well. 
Several  gas  wells. 
Many  oil  and  gas  well?;  ^ 

per  cent  producer*. 
Oil  and  salt  water. 
2  wells  of  moderate  flow 
Oil  well;  started  withpn> 
duction  of  250  b8mfl»« 
day;   other  wells  ne«r 
gave  equal  or  better  rv- 
,      suits. 

1.230  ' I I  Salt  water  only. 

1.132-1. '225  1 1 i  Several  oil  wells. 

,0\n.'-i.  1.%    I ' '  Several  gas  wells:  l*r?«? 

I  i      flows. 

'  Ver>'  small  flow  of  P^ 

,1  ,      abandoned. 

ijm  ' I ' '  For  oil  or  gas:  saltw«t^^ 

only. 


'Ohi. 
2f/.»-270. 


1''  Ibid..  Rept.  1HK8.  vol.  6,  pp.  423-424.  ^^ 

hio  (ieol.  Surv.  Bull.  No.  1.  4th  ser.  1903,  ^^' 

(0. 
Ibid.,  p.  ir>9. 
'"Ibid.,  pp.  271-272. 
'^'  lbi<l..  kept.  1H88.  vol.  6,  p.  398. 
'-"  Ibid..  Bull.  No.  1.  4th  ser..  190«,  p.  263. 
-'  Ibid.  j.p.  H.V.S9. 

-~-;ilMd..p.  .^\ 

-•*  Ibid..  Rept.  1888,  vol.  6,  pp.  255-258. 
-Mbid..  p.  2.M. 
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OHIO— Continued. 


Location. 


el  mom  County: 
Bamesville '  - . 


Depth. 


Diame- 
ter. 


Bcllaires. 


Fliuhinff  (1  mile  north- 
eaiit).^ 

(KK«heu 

Martins  Ferry  * 

Mead 

Richland 

Warren 

Washington 

Brown  County: 

Mount  Grab 

Ripley 

Butler  County: 

Hamilton^ 

Middletown* 

Oxford* 


Feet.        I 
2,700 
1,»)0 
2.700  I 
1,680  ' 

1,707 
2,300  , 
2.325 
237-1.900  1 
812-1,868  , 
1, 125  I 


Trwhes. 


Yield  per 
minute. 


OaUofw. 


Height  of 
water. 


Remarlcfl. 


FM. 


I 


800-1,200  ' 


51. 


Sevenmile 

Carroll  County: 

Amsterdam  (east  of )  • . .  J 

West  of  7 

Northwest  of" 

Augusta  Township « I 

Do 1 

Germano  ( north  of )  ^ 

London  Township** 1, 

Sherrodsvi lie  (west)* — 

I'nion  Township  » 

Do 

Champaign  County: 

8t.  Parish 

Trbana" 1, 

Clark  County: 

New  Carlisle  >- 

Fike  Township  « 

Springfield" 1. 

Clermont  County: 

Felicity" 

WiUiamsburg 

Do 

Clinti>n  County:  | 

Sabina *. 

New  Vienna  •< 

Columbiana  County: 

Coming" 

I>o.i« 

Corning  (south  of)'* 


550-700 
1,060 
1.365 

1,220 


6 


Gas  wells. 
Small  gas  wells. 
Salt  water  only. 


I  Several  wells. 

Gas. 

,  Gas  wells. 
I  No  product 

Gas  wells;  small  flow. 
Some  gas  and  salt  water. 
;  Shale   gas    and    sulphur 
water  only. 
Salt  water  and  some  gas. 


953-1,040    , 4  wells. 

1,135  I I 

1.177    ■ I 

1,500 
928 

1.032 
130-1,240 

+900 


1.500 
2.000 


i-1,000 


I  Dry  hole. 

'  Good  show  of  oil. 

I  4  wells;  3  produced  oil. 

Gas  and  salt  water;  well 
abandoned. 

Some  oil. 
'  Large  flow  of  ealt  water. 

Two  unsuccessful  borings. 


:«7-l,350 Very  small  showing  of  gas 


1,060 

1,380 

4(^1,200 

400 
660 
660 


I  For  gas;  unsuccessful. 

I  Several  wells;  failures. 

Gaswell. 
I  Small  flow  of  gas. 
Unsuccessful. 


1,78,1 Salt  water  at  1,785  feet. 


Eaiit  Liverpool '" 

On  Drv  Run" 

Knowles  well 

East  Palestine  ( near) »'. 

East  Rc)ch«Jter«i 

Home  worth  (near)  *' . . . 

Island  Run  ** 

Lisbon  5^ 

Liveipool  (Township).. 
Madinon  Township s* . . . 

Monroe  Township  ■* 

NewLi8bon» 

(Township  unknown)  . 

Do 


1.008 
1,507 

4*25-450 

±3,000 

2, 954 

1.700 

+725 

^618 

♦JOO 

1 ,  582 

426 

,600-3.000 

1.012 

.350-1,. 370 

♦K)0 

,350-2,930 


Several  gas  wells. 

Much  salt  water;  some  oil. 
well  closed. 

Several  gas  wells. 
Dry. 


Oil  well. 


»OhloGeol.  Surv.  Kept..  1890,  p.  254. 
« Ibid.,  1888,  vol.  6.  p.  406. 
•Ibid..  1890,  pp.  253-264. 
♦Ibid..  1888,  vol.  6.  pp.  404-406. 
*  Record,  ibid.,  p.  292-293. 


*Ibid.,  p.  294-2^. 
"  L'.  8.  Geol.  i 


.  Surv.  Bull,  No.  198.  1902.  pp.  25-33. 
*OhioGeol.Surv.  Bull.  N<».  1.4th sor.  1903.  p.293. 
•Ibid.,  p.  294. 

'"Record,  ibid.,  Rept..  18^w.  vol.  c,  pp.  276-277. 
"  Ibid.,  p.  -275. 
I'Jbld..  pp.  27*^280. 

.Ohio  Geol.  Surv.  Kept.,  188M.  vol.  6,  p.  301. 
!Jbid.,  pp.  296-297. 
'bid..  Bull.  No.  1.  4th  ser.,  1903,  pp.  263-264. 

IRR  149—05 7 


Brine. 
3  wells. 
Oil  well. 
Gas  wells. 

3  wells. 

i«  Record,  ibid.,  pp.  261-262. 

»'  Ohio  Geol.  Surv.  Bull.  No.  1,  4th  ser..  1903,  p. 
•258. 

'"  Record,  ibid.,  Rept.,  1888,  vol.  6,  pp.  331-334. 

>»  Ibid.,  pp.  322-323. 

»»Ohio  Geol.  Surv.  Bull.  No.  1,  4th  ser.,  1903,  p. 
256. 

« Ibid.,  p.  257. 

«  Record.  Pa.  2d  Geol.  Surv.  Ann.  Kept.,  1886, 
part  2,  pp.  784-786. 

«Ohio  Geol.  Surv.  Rept.,  1888,  vol.  6.  p.  322. 

« Ibid.,  Bull.  No.  1,  4th  ser..  1908,  p.  m 


ord. 


Record,  ibid.,  Rept.  1888,  vol.  6,  p.  4(M. 
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DEEP  B0BINQ8  IN   THE   UNITED  STATES. 
OHIO—Continiied. 


[Mm 


Location. 


Oolambiaiiii  County— Con. 
8alem> 

Do 

SalineviUe* 

WeIl8Tine(nMr)< 

Do.« 

Do.« 

Coshocton  County: 

Adams  Township* 

Coshocton* 

DO.T 

Da« 

Lafayette  Township*. . 
Crawfofo  County: 

Bucyrus* 


(.*uyaboga  County: 

Berea  (2|  miles  north- 
east). X* 

Brooklyn  Tillage" 

Cle?eland" 

Oas  company" , 

Euclid  '  and    Case 
aTenuesLi* 

RollluflrMillt* 

Central  a?enue 

Gordon  Park  *« , 

2mile8easti* 

Independence  >* 


Newburg"  .. 

Rockport "  - . 
Darke  County: 
Arcanum  1*.. 

(iiruenvillei*. 


Depth. 


+800-810 

8,900 
2.600 
8,290 


Diame- 
ter. 


Jnekn. 


Yield  per 
minute. 


GaUmu. 


Height  of 
water. 


/W. 


Remarka. 


•  |. 


6110-1.800 
2.108 
1,280 
8,100 


Dcflance  County: 

Defiance 

Hiokuvllle  *►..., 
DclHware  County: 

Deliiware'^ 

Sunbury  « , 

Kric  C(»unty: 

BirminRham". 

Milan" 


I 


840-2,264 

MO-1,240 

1,083 

400-1.600 

2,200 

1,126-1,785 

8,000 
585 
520 
606 

1,800 

8.000 

527-1.885 

+1,150 

1.200-1.700 


.'  Twonnsuecesritalboriifi 
.'  UnjprodQctive. 
.   Failure. 
.  Gas  well. 
J  F»l1ure. 
:  Oil  wells. 

8  wells. 

Unsnccessftil. 

Do. 
Swells. 

For  gas  or  oil:  nlMnitr 
flow  at  780  feet 

Several  gas  wells. 

Se?eral  gas  welli  ncsr. 
Several  gas  wells. 
No  product. 
Small  flowoffUL 


Many.  I 


-100 


5) 


.SandiiHkySi. 


Kairfleld  ('ouaty: 

Berne  Township!* 

Carroll^ 

I^ncaKter** 

D«).-« 

I^iicaHter  (4    miles  Inf- 
low).:*' 

Sugar  Grove  (near)-»> 

I)o.3' 

Thurston''- 


1,687  ! 
1,710  : 

'2,IM  • 

2.250  ■ 
2.U0U 

•2.260 


2.23('> 

•a;joo 

1.030  , 

l,W0-2,02il  , 

2.088  ^ 

-f2,2:« 
2,075  1 


Large  supply  o(  water. 

Abandoned. 

For  oil  and  coal:  IsllnR- 

Several  borings  for  oil;  m 

product. 
Some  gas:  much  ttlt  vi- 
ter. 
2  gas  wells;  small  flow*. 

Gas  prospects;  small  piod- 

uct. 
Several  borings  for  gw   ! 

unsuccessful. 

Salt  water  only. 
Salt  water:  some  oil. 

ITnfflicceenful. 


.   Salt  water  only. 

J  For  oil  or  gas;  only  »* 

'      water  found. 
.'  Some  oil,   gas,  and  »^^ 

'      water. 


Unsuccessful. 


4i-5|| I ,  Several  gas  wells. 


.,  For  oil  or  gas. 
.|         Do. 
.'  2  gas  wells. 


^  Ohio  Geol.  Surv.  Kept..  1888.  vol.  6.  pp.  40a- 
404.  452. 

-  Ibid.,  Bull.  No.  1, 4th  ser.,  1903,  p  257. 

^  Ibid.,  p. '22. 

Mbid  ,  pp.  251-252. 

*  Ibid.,  p.  W2. 

0  Record,  ibid..  Kept.,  1888,  vol.  6.  p.  824. 

•Ibid.,  p.  368. 

0  Ibid.,  p.  3b7.  1890  pp.  245-246 

•Ibid.,  pp.  363-364. 
»"Ibid..  pp.  433-136. 
i>  Ibid  .  pp.  4-29-431. 
»«Geol.  Soc.  Am.  Bull.,  vol.  8,  p.  10. 
I-*  Record.   Mich.  Geol.  Surv.  Rept.,  1881-18»3. 
vol.  5.  part  2.  p.  73,  Ohio  Geol   Surv.  Rept..  188h, 
vol.  6.  pp.  351-355. 
•<Geol.  S*K*  Am..  Bull.,  vol.  8,  p.  10. 
»*  KconomK  Geol.,  111.,  vol.  8.  pp  105-196. 
»«Ohio  Geol.  Surv.  Rept..  1888,  vol.  6,  p.  431. 


"  Rei«ord,  ibid.,  pp.  432-431. 

"  Ohio  Geol.  Surv.  Rept.,  188^,  vol.  6,  pp.  2?2-27S. 

«»Ibid.,  pp.  271-272. 

»>  Record,  ibid.,  pp.  260-'251. 

«>  Ohio  Geol.  Surv   Rept..  1888,  vol.  6.  p.  270. 

a  Ibid.,  p.  283. 

aibid.,  pp.  846-347. 

«Ibid.,  p.  346. 

«  Record.  Mich.  Gwl.  Surv.  Rept.,  1881-1898.  p 
83,  Ohio  Geol.  Surv  Rept..  1888,  vol.6,  pp.  191-196 

« Partial  record.  Ohio  Geol.  Surv.  Bull,  No.  1 
4th  Ker.,  1903,  p.  118. 

«Ohio  Geol.  Surv.  Rept..  1888,  vol.  6.  p.  888. 

"Record,  ibid.,  p.  :^1« 

»Ibid.,  pp.  382-3^8.7^3. 

■"Ibid..  Bull.  No.  1  4ni  ser..  llKB.  pp.  117-118. 

«  Partial  record,  ibid.,  pp.  20-21 

«Ohio  GerU.  Surv  Bull.  No.  1.  4th  Hi»r.,  1908,  pp 
107-108. 
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OHIO— Continued. 


K^ation. 


I      Depth. 


Diame-   Yield  perl  Height  of 
ter.      I  minute.  |     water. 


inty: 
?lon» 


»unty: 

US' 

(19  (State  House)' 


>rl  (near)*. 

urg* 

ille« 

ity: 


Feet. 
l.S.'iO 


2.020 
2,775 

2,675 

405 

+2,800 


Inches.      Gallons.  \ 


Feet. 


Remarks. 


Many. 


+6 
fYowV. 


For  gas  or  oil:  found  salt 
water  only. 

No  gas  or  oil. 
Saline  water   below   175 
feet:  temp.,  W*. 


n«.. 
{fie. 


i8» ■ 

?ton  Township '». 

1  Township" ! 

ip  unknown 

inty:  , 

»n  (near)" ^J 

Township «» 

nty: 

wn 


Galley'* . 


>unty: 

lge>« 1,090-2,000 


2, 150  ' :  (^nsuccesftful. 

+2,158   1 Oil  at  2,168  feet. 

800   Considerable  gas  at  400 

feet. 

2,910 I For  oil:  unsuccessful. 

1,766  I ;  Failure. 

1,417  Much  salt  water:  failaru. 

2, 910 Dry  well. 

2, 472    Only  a  showing  of  oil. 

1,  fiOO Some  gas:  well  considered 

H  failure. 

1,500 Salt  water  only. 

990  , Unsuccessful. 

1.500 i         Do. 

1,200 For  oil  or  gas:  unsuccess- 
ful. 


Township) 
ton" 

"iatlon"!.! 
Cily«» 


Gas  and  oil  wells;  yield 

small. 

690   ; Brine. 

1,087   Unsuccessful. 

Some  gas. 

430 I  Salt  well. 

1,347 '  Qaswcll. 

1,352 

, A  number  of  oil  and  gas 

wells  reported, 
ounty:  | 

atl  (vicinity) I  Numerous    oil    or    gas 

I  '     wells:  unsuccessful. 

«" IZ  \ ' ••'*«"«• 

end I,3.tO  5  200  +30     Good  water. 

»unty:« ' ! I ,  Many  oil  wells;    84  per 

i  1      cent  producers. 

1, 365   Gas  at  1,180  feet. 

.1.200    j 

1,304    ! Some  oil  and  gas  at  1,304 

'      feet;  aband(med. 
1,2«H-1.290 Gas  wells. 


(near)« 

m« 

lam     (5     miles 


»burg«.. 
kvnsnip». 


(1  mile  north- 


1, 300    '  Several  oil  wells. 

4^1,150   

l,lir.-l,,334    1 1  Many  gas  wells:  some  oil 

in  seveml  wells. 

1,648    Ga.s  well;  oil  at  1.092  feel: 

i  salt  water  at  1,581  feet. 

1 , 3:54    riisuc'cessful. 


OhioGeol.Surv.  Ro^t.,  18Hm,  vol.  6.  p. 
vol. 


>.  281-283. 

).  106-108:  Am.  .lour.  Sci..  2(1  s«t 


ill.  No.  1,  4lh  scT..  19()3.  J).  19. 

I,  U.  S.  Geol.  .^iirv..  I'Jth  Ann.  Kcpl.. 

irt  4,  p.  664. 

ol.  Surv.  KepT..  Ihsm.  vol.  r..  p.  IKi. 

y.  244-245. 

>.  246-247. 

ill.  No.  1.  4th  MT.,  \WA,  \K  JT'.». 

Pa.  2d  Geol.  .Surv.  Kept.,  Vol.  1  •.  p.  SXy. 

ol.  Surv.  Bull.  No.  1.   1th  mt..  VXYA,  p. 

ibid.,  pp.  279-2HU. 

>1.  Surv.  Bull.  No.  1.4th  srr.,l'.n):?,  p.  :UM. 


»*Ibi(l..  Kept.  1888,  vol.  6.  p.  291. 
'•Ibid.,  pp. -289-290. 
>«lbid.,  pp.  :32().  377-37H. 
I'lbid..  pp.  3.S0-381. 
'■^Ibid.,  pp.  6.>l-6.'>5. 
i^Keeonl.  ibid.,  pp.  324.  :?H1-:W2. 
2«0hio  Geol.  ."^^nrv.  Bull.  No.  1,  4th  ser..  1903,  pp. 
221-223. 


-'  Ibid.,  pp.  65-71. 

« Ibid..  Rupt.  18K8.  vol.  6.  p.  218. 

«'Ibi«i.,  Bull.  No.  1.  4lh  ser.,  1903.  p. 


69. 


2»lbid..  pp.  215-216. 
•-•Ibid.,  p.  217. 
-■•ilbiil.,  kept.  1888.  vol.  6,  pp.  122-133,  146;  1890: 
p.  125. 
S' Ibid.,  pp.  111-117. 
«Ibld.,  pp.  131-132. 
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OUtO'-Contlnuecl. 


(ical« 


Looationi 


&«iicock  County— CuntM. 
rindlay...' 


MattonTownshtpiv. 

McComb^ 

Mount  fiUinf!lMirds.. 

Portage  Township  4 . 
Do 


^w8on*  . 


StuaiHTiHo  Towniihip* 
VantMiren  ( weit  of ) « . . . 

Vanlue*... 

Hardin  County: 

Ada' 


Dunkirk*., 
Do.».. 


Forest  (8  mites  south- 
west). 

Kenton^,. 

Do 

t^atenon  (2  miles  south) " 

IHiterson  (2  miles  west) ». 

Harrison  County: 

Archer  Township 

Cadis  Township 

Cadiz  (1  mile  north  of 

court-house)." 
Cadiz  (east  of ) " 


1.465  I 


+1,201  I 
1,414 


Remarks. 


Water  ataOMidlito: 
brllieat540feet:Mll 
Amtrntit  of  gssi  ttfll 
abandpiiedi 

Gas  w«n. 

Gas  well  with  salt  vticr. 

Moderate  flow  of  oilind 
gas. 


Smith  farm  well  !la «: 
oil. 

1,887 Forgasoroil;  fooDdMlt 

I     water  only. 
450 I  Oil  wells. 


+1,232 
1.294 

1,884-1,820 


1,M5 

1.890 
1,470 


1 
-446 

1 

1 . 

I  Oil  well. 

I  Small  flow  of  fUL 


Several    wells  for  m\ 
l:olb«i 


480 
1.600  I 

i.'aio'i 

1,800  I 

I 

1,806-1,418  { 

1,400-1,567  ' 

1.464  I 

1,400 

1,151 

1,036-1, 072 

1.022-1.144 


Many. 


some 

yield  only  flows  ol  lilt 

water. 
For  gas:  only  sslt  wtter 

found. 

Large  flow  of  oil. 

>  Unsuccessful. 

Flows.  I  White  sulphur  water. 


.'  Unsuccessful. 

.1        Do. 

.   Qas  at  835  feet;  laige  M 

of  water. 
.    Large  flow  of  guc  t^ 
I     large  flow  of  water. 


Several  wells;  somega^^^ 
Strong  flow  of  brine;  ^ 

oil. 
Small  flow  of  oil.  and  c^!^ 

Hiderable  ms.  _^ 

Dry  hole;  first  well  ii<^ 

Cadiz. 
3  wells;  2  produce  gas. 


Cadiz  (1  mile  north )•'•... 

Cadiz  (one-half  to  1  mile 

east).»» 

Cadiz(lto2  miles xouih-  1.022-1.144 Do. 

east)  ^ 

Cadiz (i|to2miloReai»t)»*  1,133-1.220  , ,  3  unproductive  wells. 

Cadiz    {\\    to   2    miles  1,032-1.216 80  wells;  some  gas  and  C^ 

northeast  ).>&  i 

Cadiz  (1  mile  northeast )'»  1.150 Dry. 

Celeran  Township 1. 627  ' *. CJas. 

CrosH Creek  Township...  1.411    Do. 

Fife  (vicinity )"i l.lttS   i 

l)o.>* ' I  Swells. 


Fife  (1  to  U  mile??  west  1.081-1. 2K'> 
and  northwi'st)  •«• 

Franklin  Township 1.076' 

Freeport  Township 1,191  , 

German  Township 1,306-1,419 


1.152 
1.118 


1.041 


Germano  (vicinity) »» 

Germane  (1^  miles 
8outh).>& 

Germano  (2  milfs  south- 
west). 

Green  Township 

Greenough  (1  to  1|  mik»s 
south). '6 

Grecnough  (1  mile 
west).»t 

GreenouKh  (vicinity  )'"• . . 

Greenough  (i  to  U  mile« 
north  ).»& 

» Ohio  Geol.  Sun-.  Kept..  1888.  vol.  6.  p.  236. 

«lbld.,  p.  219. 

»lbid..  p.  218. 

<lbid..  Bun.No.l,4th  Her.,1903,p.69. 

6  Ibid..  Kept...  1888.  vol.  6.  p.  217. 
•Ibid.,  1890.  pp.  219-220. 

7  Ibid.,  p.  219;  1890,  pp.  184-186. 
•Ibid.,  p.  223. 


Many  wells. 


l.^'VlJ-l.fiM)    I '  Many  wells:  some  mis. 

1.023-1,069  1 2  wells;  un8U<K^C!«sful. 

1,09«;-1,195    3  dry  wells. 

1, 029-1. 22."!    9  wells. 

1, 075-1. 2:W    19  wells;  some  oil. 


» Ibid..  1890.  p.  186. 

X'Ibid..  p.  220. 

"  Koconl,  ibid..  Kept.  isKs.  vol.  6,  pp.  221-222. 

"Ibid.,  p.  •A>2. 

"OhloGeol.Surv.  Bull.  No.  I,4th8cr..l903,p.226. 

"Ibid.,  pp.  227.228. 

UU.  S.  Geol.  Surv.  Bull.  No.  198, 1902,  pp.  25-33. 
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OHIO— Continued. 


cation. 


Depth. 


Diame-  Yield  per!  Height  of 
ter.        miniite.       water. 


iinty— Cont'd. 

gh(lmileea8t)i . 

gh(l  or  1|  miles 

a«t).» 

>ugh    (1    mile 

vest).! 

e(lmile8oath)i. 

,le    (southwest 

(near)^ 


/W. 


Inchea.   i  GaUonn. 


Fed. 


1,190  I 
1,612 


(1    to   n   miles 

ast).! 

;i   mile   north- 

tation  (1   mile 

Township, 


1,14*« ' Dry. 

1.110-1,152  1 2well8:  some  oil. 

1,030-1,212 12well8. 


Remarks. 


1,071 
1,025 


I 


1,03&-1,2.50 !  Several  wells. 


>wnship 1. 100-1, 540 i  Many  gas  and  oil  wells. 


lam  Township.. 

A'nship 

Township 

ir)3 

eek  Township . . 
le  (vicinity )»... 
le   (1|    miles 

rale    (1    mile 

:ton  Township., 
ty: 


n*. 


junty: 
o« 

jnty: 
gville  7 


nty: 

(near)* 

urg>" 

urg     (4     miles 

urg" 


1,278  I j  Gns. 

1,190  ' 

1,178-1,300    '  4wells. 

1,190    

1.435-1,580    Do. 

1.036    

1,107-1,213   i  Some  oil  with  large  quan- 
tities of  salt  water. 

1.011    


1.154 


1.600 
1,889 


+3 


\\v 


Junction'*. 

•ille>< 

idon  '* 


nty: 


Township  "'. 


,16. 

11  nty: 

dam   (1  mile 

ast).' 

rdam   (1  to  U 

louthwest).' 

am  (vicinity)' .. 

fid  station   (vi- 


1,750  j. 

628  '. 

'625^9  I '. 


626-1.000 

i.lOu 

900-1.000 


1.700 
1.2.^0 

'998-i,636  1 

2.:«X1 
2. 725 
3.000 


1.600 

1.636 

2, 15.-) 

800 


961     

945-1,070    ! 3  wells. 

!  I 

9'X\    

i.o<;7  


Only  small  flow  of  gas. 
For  gas:  salt  water  at  1,889 
feet. 

Good  water  at  1,750  feet 

Small  flow  of  oil. 

Two  borings. 

Several   wells:  some  oil, 

water,  and  gas. 
Some  oil. 

Several  wells. 

I  Gas  and  oil  well. 

Oil  and  gas:  free  from  salt 
water. 

For  gas;  unsuccessful. 

Small  flow  of  gas  only. 
Three    wells:    nothing 
found  except  salt  water. 

For  oil  or  gas:  unsuccess- 
ful. For  oil;  found  will 
water  only  at  1,950  feet. 


Small  flow  of  gas. 

Somegas:  much  salt  water. 

Abandoned. 

Small  show  of  oil  and  gas. 

Salt  water. 


I 


)1.  Surv.  Bull.  No.  l')S.  l«K)-2.  pp.  2o-:W. 
OhioGeol.  Surv.  Bull.  No.  1,  4th  ser., 


pt.  1888.  vol.  6,  p.  25.3. 
.  262-253. 
.  ibid.,  p.  297. 
Ibid.,  pp.  .39^-394. 

318  392-393. 
)1.  Surv.  Bull,  No.  1,  4th  ser..  1903.  pp. 


••'  Ibid..  Rept..  1888.  vol.  6,  pp.  367-368. 

»  Record,  ibid..  Bull.  No,  1.  4th  ser..  1903.  p.  288. 

>xOhio  Geo!.  Surv.  Rcpt..  1888.  vol.  6,  pp.  214-215. 

"Ibid.,  pp.  350-a5l. 

"  Ibid.,  pp.  439-440. 

iftlbid.,  pp.  348-350.440. 

"Ibid.,  pp.  440-441. 

"Ibid.,  pp.  319-394. 

'« Ibid.,  Bull.  No.  1.  4th  ser.,  1903,  p.  276. 
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OHIO— Continued. 


Location. 


Jeffenon  County— Cont'd. 

Bloomingdale  (1  mile 
north).!  I 

Bloomingdale  (1  mile  , 
wert).* 

Bnuh  Creek  Township..' 

CroH  Creek  Township. . . 

Vairplay  (1  mile  north- 
east).! 

Germano  (2  miles  north-  ; 
east).i 

Island  Creek  Township*., 
Do ....' 

Knox  Township I 

Mount  Pleasant  Town- 
ship. 

Piney  Fbrk  ( 1  mUe  west)  1 

Finey  Fork  (Ift  miles 
northwest).! 

Richmond  (2  miles 
northeast).! 

Salem  Township* 

Saline  Township 

Smithfleld  Township  «... 
Do 

Smithfleld   (U  miles 
west).! 

Smithdeld  (vicinity )i ... 

Smithfleld  (1  to  U  miles 
south).! 

Smithfleld  (1  mile  south- 
east).! 

Smithfleld  (14  milcH 
northeastV.! 

Smithfleld  Township 

Kteubenville* 

Do.« 

Toronto  (4  miles  west)'. . 

Warren  TowiiRhip 

Knox  County: 

Buckeye  (eawt  of )  ^ 

Miller  Township* 

Mount  Vernon"^ 


Depth. 


AM. 

918-909 


800-1,189 

,190-1.602 

911 

l.OK 

1.241 
,050-1,417 
904-l,4M 
,620-1,726 

979 


Diame- 
ter. 


liicsfs. 


Yield  per 
minute. 


GaUoM. 


880  I 

1.167  I 
«  1,105 
1.007 
1.451-1,810 
1.089 
1,0S8 

1,002-1,234 

1,078 

918 

1.417 
1,290 
2.519 
1,465 
1,382-2,519 


Height  of 
water. 


FM. 


2weUs;  the 
a  gas  well. 


2  wells. 
Oas  wells. 


4  wells. 
Swells. 
2  wells. 


2  wells; 


deeper  ooe  if 


oa 


Do." 


Do ' 

Lake  Countv: 

l»aine«v{lle  >« " 

Willouffhby'3 

Lawrence  County: 

Ironton  !* [ 

Licking  Co;illS': 

Homer!* 

Do.!« ' 

Newark!' :  i, 


Utlca  (7  miles  west) . . . 
Logan  County: 

Belle  Center" 

Bellefontaine'* 

De  Graff  =" 

De  Graff  (1  mile  west) . 

HuntsvUle 

Lorain  County: 

Belden  (near) 

Brownhelm«» 

Brc)wnhelm« 


,370,1,707, 
•2.600 
3.200 

•2,13ft 

700-1,390 


100 


Unproductive. 

5  wells. 

6  wells. 


I  Transient  gas  supply. 

'  For  oil;  unsuccentaL 
3  wells. 

Gas  wells. 
Several  gas  wells. 

3  wells:  unsucceflsfol. 

Gas  well;  water  at  l,t^ 
and  1,765  feet. 
'  Unsuccessful. 
i 

!  Several  gas  wells, 
i  Several  small  gas  wells. 


3,600 '  Unsuccessful. 


'2,345  I 
449-2,385  ^ 

'2.183  ' 

+  1,310  ' 
1.590  ' 
1.356  I 
1.300  ; 
1,4(>0 


.  I  Several  gas  wells. 

.1  Several  gas  wells;  small 

flows. 
.'  Gas  well;  water  stratum 
I     at  215  feet. 
.|  Very  small  flow  of  gas. 


H-6i  . 


C35 
740  ■ 


Some  oil  and  gas. 

Gas  well. 

Many  oil  wells. 

Some  oil. 

A  little  gas  and  oil. 


!  U.  S.  Geol.  Surv.  Bull.  No.  198.  1902.  pp.  25-33. 

«  Record.  Ohio  (Jeol.  Surv.  Bull.  No.  1,  4th  ser.. 
1903,  p,  '245. 

=•  Record.  Pa.  ^d  Geol.  Surv.  Rent.  II.  i).  -282. 

<  Record,  Ohio  Gwl.  Surv.  Bull.  No.  i,  4th  st»r.. 
1903.  pp.  24^-249. 

*  Ibid.,  Kept.  1888.  vol.  6.  pp.  336-337. 

« Record.  Pa.  '2d  Geol.  Surv.  Ann.  Rept.,  188<». 
part  2.  p.  784. 

7  Pa.  '2d  Geol.  Surv.  Rept.  !»,  p.  236. 

«*Ohlo  Geol.  Surv.  Rept.,  1888.  vol.  6.  pp.  340-843. 

'•Ibid.,  Bull.  No.  1,4th  ser..  1903,  pp.  117,  284- 
285. 

i«  Rewird.  ibid.,  Rept.  1888.  vol.  6.  pp.  -217,  '266-267. 


"Ibid..  1890,  pp.  244--24ft. 

w  Ohio  Geol.  Surv.  Rept.,  1888,  vol.  6,  pp.  427-428. 
i»Ibid..  p.  4-28. 

i«  Record,  ibid.,  pp.  304-806,319. 
«Ohio  Geol.  Surv.  Bull.  No.  1,  4th  ser.,  1903,  p. 
109. 
»•  Record,  ibid.,  p.  r20. 
"  Ibid.,  Rept.  1888.  vol.  6.  pp.  317,  370-372. 
"Ibid.,  p  267. 
!»Ibid..  ibid.,  pp.  •26C-'267. 
«»Ibid..  p. '268. 

n  Record.  Pa.  '2d  Geol.  Surw  Rept.  II.  p.  282. 
«  Ohio  Geol.  Kur\'.  Rept.,  1888.  vol.  6.  pp.  4S7-4S8. 
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Location. 


orain  County— Continued. 
Brownhelm  Township  .. 
Elyria> 


Lorain  «  . . 
8hemeld3. 


Wellington* 

ucas  County: 

Oregon  Township  *. 


South  Toledo*., 
Toledo^ 


Depth. 


Fixt. 


987 


+6U0 
720 

»1,(»0>1,050 


VVatervilIe«  .. 

Tadison  County: 

Ufayette*  ... 

London  » 

Plain  City"*.. 


I uhoning  County: 
Brier  Hill".... 


Canfield  (near)«... 

I»wellsville" 

West  Austintown-*. 

.  YoungNlown  " 


Youngstown    (3    miles 
southwest)." 

Yuungstown  (1  mile 
west)." 
Marion  County: 

.Marion»« 

Martel 

Pro!«peeti* 

Medina  County: 

liodi  (near)^« 

Medina*' 

Mi'ijfH  County: 

Middletown 


hi, 012 
1.425 


1,15;^ 


1,585 
,630-2,000 


500 

600 

1,800 

•100 

2,480 

2.075 

500 


1,790 
474 


1,670 
917 


Dlami*- 
ter. 


Incht:9, 


Yield  per 
minute. 


OaUtmt. 


Height  of 
water. 


Feet. 


-50 


Milan" 

New  Lima  (near) . . 
Olive  Townsnip  >» . 
i'omeroy 


950-1, 
1, 
1, 
2. 


260 


I>o 

Do*' 

Salisbury  Township  -• .... 

Rutland  (1*  mik*s  north- 
west).« 

Rutland  (near)*' 

Rutland  Township 

Mercer  County  « I . 


600 

000 

500 

.650 

,100 
767 
.780 


M 

-f  13 



3  and  4 

Av.25 

1 

^              -20 

500 

Remarks. 


Small  gas  supply  and 
heavy  flow  of  salt  and 
sulphur  water. 

Mineral  water;  some  gas. 

Bored  for  oil;  some  gas 
found;  unsuccessful. . 

Several  small  gas  wells. 

Several  unsatiflfactory  oil 

wells. 
Unproductive. 
Several   tM>ring8  for   gas 

and  oil;  unsuccessfni. 
Small  flow  of  gas. 

Unsueceasful. 

Several  wells  for  oil  or  gas. 

Two  wells;  large  flown  of 

fine  water  from  360,  600. 

and  900  feet. 

Gas  at  420  feet,  but  not  in 
paying  quantities. 

Only  a  show  of  oil. 

Neither  oil  or  gas. 

Several  welln;  small  quan- 
tities of  heavy  oil. 

For  gas  or  oil;  unsuccess- 
ful. 

Neither  oil  or  gas  in  com- 
mercial quantities. 

Unsuccessful. 


Abandoned. 
No  product. 

Small  flow  of  gas. 


Celina« 

Celina  (southwest  of)-'*. 


Great    number    of    salt- 
water wells  in  county. 
Small  amount  of  oil  from 
I      120  to  1.500  feet. 

Several   wells:   all  made 
I      showing  of  oil. 

Showing  of  oil  and  gas: 
I      abandoned. 
:  Salt  well:   some  oil  and 

gas. 
i  I  Several  salt  wells;  flowed 
/    originally. 
Some  gas.  small  show  of 
oil:  abandoned. 

830    ! i  Oil  in  very  small  quanti- 

I  ties:  not  saved. 

971 UnsuccesMful. 

iit'tO    10-25  I  500  I  Salt  water  only. 

Many  oil  and  gas  wells: 

I      81     per    cent    are    pro- 
ducers. 

168   Gas  wells. 

I  Oil  well:  prwlucvd  500 bar- 

!  rels  of  oil  a  day  at  first: 

I  one  month  later  it  yield- 

I  e<l  salt  water  only. 


'Ohio  Geol.  Surv.  Rept.,  1888.  v<.l.  (5,  pp.  :i47-:U8. 
Mbld..  pp.  438-439. 
» Record,  ibid.,  p.  437. 
Mbid..  np.  348-319. 

*OhioOeol.Surv.  Bull.  No.  1.  4th  ser.,  19(W,  pp. 
92-93. 

•Record,  Rept.  1888.  vol.  6.  i>.  225. 

^Record.  it)id.,  pp.  20H-2a9.  .Mich.  (Jenl,  Surv.. 
lWl-1893.  p.  K5. 

»OhioGeoI.  Surv.  Rept.,  1888,  vol.  r..  p.  219. 

•Ibid.,  pp.  280-281 . 

wjbid..  1890,  p.  246;  IT.  8.  Gcol.  Surv..  19th  Ann. 
Rept.,  1897-98.  p.  663. 

"Ibid.,  Bull.  No.  1,  4th  scr..  1903.  p.  -299. 


'2  Ibid.,  p.  300. 

'Mbid..  Rept.  1888.  vol.  6.  pp.  321.  4t)2-403. 
H  Record,  ibid.,  pp.  '201-202. 
1*  Analvsis.  ibid.,  pp.  -270-271. 
>«Ohio*Geol.  Surv.  Bull.  No.  1.  4th  ser.,  1903,  p. 
:^06. 
"Ibid.,  Rept.  1888.  vol.  6,  p.  360. 
i«  Ibid.,  Rept.  1888.  vol.  6.  p.  346. 
'•Ibid.,  Bull.  No.  1,  4th  ser.,  1903,  p.  283. 
»>Ibid.,  Rept.  1888,  vol.  6,  p.  397. 
3'  Ibid.,  p.  282. 

"Ibid..  Bull.  No.  1.  4th  ser.,  1908,  pp.  89-92. 
"Record,  ibid..  Rept..  1888,  vol.  6,  pp.  -259-260. 
«  Ohio  Geol.  Surv.  Bull.  No.  1, 4th  ser.  1903.  p.  90. 
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Location. 


TkM^iU      i  Dlame-  .Yield  per.  Height  of  i 
iiepin.  i^j         minute.  ,     water.     : 


Remarlcii. 


Mercer  County— Continued. 
C-enter  Township  * 


Coldwater(8i  mileaeaKt ) , 

Fort  Recovery* 

'8L  Henrys 

Miami  County: 


Covington «. 

PIqua* 

Tippecanoe*. 
Troy* 


Montgomery  County: 

Daytbii^ 

Do.« 

Mialnitfburg* 

Monroe  Oounty: 

Bameiville  (near)  l^ . 


Bethel  Township" 

GraysvillePoolM 

Griffith  (near)" 

Le  wisville  (2  m  Ilea  nort  h- 


fM. 


Jnehes.   ;  GaUunt. 


Feel. 


Initial  production  of  1.90 
baneiM  of  oil  per  dtj, 
which  irradually  d^ 
creased  to  a  very  auJl 


1,100  < 
l.OUl 
],ie0-1.188 


»-6r. 


(?)  IS  . 


i.eTs  i 

1,025  : 
1,170  ! 


870 
2.440  I 
K0a-1.200  i 

2,700 ; 


1,917  ! 
2,025 
1,2S6  < 
2.081  ' 
1,066  I 


east  of)." 

Martins  Ferry» 

Mooee  Ridge  Pool ».... 
Newcastle  (east  of) "... 
Bardis  (southwest  ot)^*, 
Steterville  (opposite)  >•. . 
Temperancevflic  (north 

of)> 
Washington  Townships* 

Wheeling  Township". . 

York  Township  a j  2, 100-2;  800 

Morgan  County: 

Eagle«porto i,ia4 

Do I  1,162 

Homer  Township 24 612 

Do.» '  1,800 

Joy« 1,240 


2,800  ,.. 
1,224  I.. 
1,505  i.. 
1,815  .. 
1,895  I.. 
1,881  |l 
2,200  ]' 
2,234  .. 
1,548  i\ 
1,810  ,/• 


8-« 


MeConnellHvUle. 


Do.. 

Do.^ 

Malta  «. 


3,000 
1.830 

3.iM<i ; 


7i-A|  . 


^nee  Junt-tlon    (       t}'!,?  ,1 

*'^"  I      :i;o7-3  If 


Oil  Oliver  Run ». 

Shaw 

(near) 

Morrow  County 
Cardmgton''* 

Muskingum  County: 

Brush  Creek  Township  «    1 .  OlO-l .  ir>6 
CassTowuHhip 768 


Gas  for  several  monthn. 
Gas  well. 

Small  Mipply  of  gas. 
Forms:  unsucceNrfol. 
HmaTl  flow  of  gas. 
i^me  gas  at  510, 890.  aiid 
880  feet. 

Some  shale  gas. 

2  gas  wells. 

Oil  well:  failure:  otlicn 
rank  later  which  vne 
fairly  succenaful. 

2  oil  wells. 

Do. 
Oil  well. 

Oil  well:  failure, 
on  well. 

Do. 

Do. 

Do. 

Oil  wells. 


Poor  oil:  wells  abandoned. 
Si'veml  wells. 

Salt  water:  abandoned. 
Oil  rises  to  -40  feet. 
(Jas  well. 

2  wells;  much  salt  water: 
only  small  flow  of  gas. 

For  oil  or  gas:  unsuccess- 
ful. 

Gas  and  salt  water. 

For  gas;  unsuccessful. 

l^rgc  flow  of  eas  from  sev- 
eral wells,  loroilorsalt. 


For  oil  or  gas.  unsucccw- 
lul. 


2,300  ' ' Small  flow  of  gas. 

I  I 

I (Jas.  oil.  and  salt  water. 

Oil  and  brine,  well  aban- 

'  doned. 


1  Ohio  Geol.  Surv.  Bull.  No.  1,  4th  ser.  1903,  np 
91-92 

sibid..  Kept..  1888.  vol.  6,  pp.  263-264. 

3|bid.,  pp.  260-262. 

Mbid.  1890.  p.  274. 

»lbid  .  Kept..  1888.  vol  6,  p.  273. 

•Ibid.,  p.  274. 

»  Record,  llnd.,  p.  288. 

«lbid..  p.  2>6. 

•  Ibid.,  pp.  2bH-'289. 

»0Ohlo0eol.8urv.Bull.No.l,4thser..l903.p.214. 
"  Record,  i hid.,  p.  208. 
»M bid.,  p.  203. 
'3  Ibid.,  p. '201. 
»Mbid.,  pp.  212-213. 
»*lbid  ,  p  219. 
wibid..  pp.  205-206. 
»•  Ibid.,  p. 210. 

"Record.  W.  Va.  Gwl.  8iir\'.  Rept..  vol.  1,  pp. 
356-857. 


'9 Record,  Ohio  Geoi.  Surv.  Bull.  No.  1.  4th  ser, 
19J3.  p.  196. 

»'lbid  ,  pp.  216-217. 

«Ibld.,  p.  220. 

«OhioGeoI.Surv.  Bull  No.  1.4th ser..  1908,  p. 221. 

«Ibid  ,  Rept  1888.  vol.  6.  pp.  389-390. 

2« Record,  ibid..  Bull.  No.  1,  4th  ser.,  1903.  pp. 
133-134. 

s&OhloGeol.Surv.  Bull  No.  1,4th ser..  1903, p.  139. 

»Ibid.,  Rept  1888  vol.  6.  p.  390. 

-Record,  ibid     Bull.  No    1.  4th  ser.,  1903.  pp. 
145-146. 

MOhio  Geol  Surv.  Kept..  1888.  vol.  6.  p.  389. 

"Record.  iDid.  Bull.  No  1.  4lh  ser..  1908  p.  142. 

•'Ohio  Geol.  Surv.  Bull   No.  l.  4ih  ser.,  1908. 
147-148 

«  Ibid.,  Rept.,  1888.  vol.  6.  pp.  288-284. 

«Ibid..  Bull.  No.  1.  4th  ser..  1903,  p.  267. 


.pp. 


roN.) 
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OHIO— Continued. 


Ixication. 


4kii)gum  County— Con' d. 

Drejsden ' 

Do* 

HigrhHill* 

.iHclcHon  Township* 

Newton  Township  * 


Rich  Hill  Townships. 
Salem  Township* 


Salt  Creek  Township » 

Zanesville^ 

t>le  County: 
Belle  Valley  (near)*. . 

Dexter  (near) 

Dudley  (near)* 

Jackson  Townshlp«. . . 
Monndsville* 


Depth. 


Fcfi. 

2,5-25 

1.000 

1,700 

760 

+     887 

1.350 
1,176-1.255 

1,085 
1.098-2.019 


+  1,380 
7474 


South  Olive 
nwa  County: 


Elmore'* 

Genoa* 

Lacame" 

C>akhart)or»". 


+1,250 
1,308 
1.700 

+  1,300 


l>o.»". 
Olwrlln.. 


Tort  Clinton" , 

rry  County: 
Junction  City  (near)'*., 
McCunevllle'* 


Somerset'* 

'kaway  County: 

Circlevllle 

ke  County: 

Piketon 

eble  County: 

Camden  '*^ 

Eaton  •« 


700 

+  1.660 

+3, 100 
1,368 

2.850 


Diame-  >  Yield  per  |  Heiirhtof 
ter.      I  minute.  '     water. 


Jncheg.      OnUon$.  I       Fset. 


1,170-1 


900  ' 
,375 


itnani  County: 
Columbus  Grove'' 


1,278 


Fort  Jennings 

Kalida  (I  mile  north)' 

Uipfiic»» 


425 
316 


1.456 

1 
OttawaS" i  1.314-1,365  I 


Riehland  County: 

Crestline*' 

Mansfield",.. 


Do.« 

Shelby  2* 

Richmond  County: 

Plyinoufh*^  .'. . 

Do.« 


2,  S64 
2.0a5-2.415 


-  25 


3. 
.180-1, 


5D4 
796 


712 

;,a20 


Remarks. 


I 


Unsuccessful. 
Someoil;  well  abandoned. 
Salt  water:  show  of  gas. 
Some  gas  and   oil;  well 

abandoned. 
Some  oil. 
Showing  of  oil  and  gas; 

much  salt  water. 
Unsuccessful. 
3  wells;  some  oil. 

Several  oil  wells. 


Gas  well. 

2  wells;  one  dry.  other  fur- 
nished large  amount  of 
gafi. 

Cnproductive. 

.  I  Several  oil  and  gas  wells. 

.'  2  oil  wells. 

.1  Small  flow  of  oil  and  gas. 

.'  Much  water. 

.  I  Well  made  showing  of  oil 

I      and   furnished   about 
78.000  cubic  feet  of  gas 

'     a  day. 
.1  Yielded  200,000  cubic  feet 

of  gas  a  day. 
.    For  oil  or  gas;  unsuccess- 

I      ful. 
.    No  product. 


-400 


Several  wells*,   bored  for 
salt  water:  some  found. 
Salt  water  at  2,850  feet. 


Gaj)  well. 

Several  wells;  unsuccess- 
ful. 

Gas  at  740  feet;  «omc  oil 
at  bottom. 

Salt  water. 

Bored  for  oil:  salt  water 
found. 

Some  oil  and  gas  and 
great  volume  of  salt  wa- 
ter. 

Two  oil  and  gas  wells; 
small  product;  much 
salt  water. 

2  borings  for  gas;  unsuc- 
cessful. 
Cnsnccessful. 
Small  flow  of  gas:  2  wells. 


,  p  225. 

I  ser..  1903.  pp. 


'OhioGeol  Surv   Kept.  1890,  vol.  6.  i».  216. 

-•Ibid..  188^,  vol  6.  p.  376 

Mbld.  pp  268-269. 

*ibld.,  pp.  372-:*75. 

•Ibid..  Bull   No  1,  4th  ser..  1903.  . 

•Record  ibid.,  1903  pp.  160-161 

^OWoGeol.Surv.  Bull.  No  1.  4in  « 
1-95 

"Ibid..  Kept  1888.  vol.  6,  pp.  211-212. 

•Ibid.,  p.  213. 

'Mbid..  Bull    No.  1.  4th  ser.,  j903.  p.  94.  1888, 

»l  6,  p.  210-21 1. 

"Ibid  .  Repl  lb8M.  vol  6.  p,  212. 

'^Record  ibid..  Bull.  No.  1.  4th  sor .  190:i  pp 


Salt  and  sulphur  water  at 

'  I      850  feet. 

13 Ohio  Geol.  Surv.   Kept,  ior  1888.  vol.  6.  pp. 
388-389 
nibid..  1890,  p.  247. 
'•'ibid  .  18hH.  vol.  6.  p.  285. 
'«lbid  ,  pp.  108.284. 
1*  Ibid.,  p.  242. 
'sRecora.  ibid.,  p.  243. 
»Mbid..  p.  242. 
»Il)irt..  p.  241. 
8' Ibin.  pp.  303-304. 
KIbid..  pp.  318.  366-366. 
»Ibid..  1890.  p.  245. 
2<lbid..  1888.  vol.  6.  pp.  316.  364-365. 
»lbid.,  p.  315 
»lbid..  pp  302-303 
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OHIO— Continafed. 


(1I&14IL 


Location. 


Handuiky  County  1 . 

Clyde* 

Preemont  and  vicinity  * . 

Do.*. 

Do.». 
QibionbQig* . 

Do.«. 


Undaey* . 

MadJaon  township. 

RoUenville(near)< 
Ro0eTille(near)>. 
Tinney  (toutb  of) 
Washington  Township  lo, 


Woodvllle" 

Do.w 
Woodvine(near)» 
Scioto  County: 
Portsmouth  14 

Rarden 
Sciotoville. 
Seneca  County  i& 

Bloomville  »• I  2,1S0 

Fostoria" I  1,186-1.776 

Tiffin" 1.467-1.494 

Tiffin  (vicinity)" 1.505-1, 7ft3 

Shelby  County: 

Kettlersville  (near)  »• 

Sidney « '  l.aoS-l.iW 

Stark  County: 

Alliance  (in  and  near) «.ti40  to +2,800 


Canton" , 

r)o I 

Louisville^* 

Louisville      (iiortlnveflt  ' 
of).«* 

Mawillon** I 

Do.  » j 

Do.  » I 


2,220  ! 


^3. 13ft 
M25  I 


(>.'>5-1.820 
671 
2.M7  i 

797 
680  . 
800 
420 

2,2ro 

2,4ftU 

3,00('> 

800 

800 


Remarks. 


Many  oil  wells 
Unauccessfal. 
Sereml  ns  wells. 
Qasweli. 

Do. 
Produced  50  barrelsd  oil 

perdsLj. 
Gas  well;  pressure  of  W 

pounds  per  square  iack 

other  wells  eoinlciri 

with  aimllAr  rawlb 
8  oil  and  gas  wells;  iko 

flow ;  saltwater  fat  kqi 

quantities. 
Produced  3,000  bamli  of 

oil  a  day. 

I  For  oil  or  gas. 
-  10    Qas,oil,and  salt  water. 
!  Gas    well:   original  nA 
I     pressure  exceeded  M 

pounds. 
I  For  oil  or  gas;  only  aU 
water  found. 
Oil  in  paying  quantiUci 
Produced  2;500  barreli  of 
oil  a  day. 
,  No  product,  but  salt  va- 
I     ter  at  1,000  feet. 
510  I  Water. 

Unsuccessful. 

Many  oil  and  gas  wells.  96 

per  cent  produoen. 
For  oil:  unsuccessful. 
!  Several  gas  wella 
'  Several  wells;  laige  flow 
,     of  gHs:  some  oil. 
>  Several    borings;  all  un- 
successful. 
'  2  oil  wells. 

I  Several  gas  wells:  much 
,     salt  water  at  1,445  feet. 
Some  produced  oil  and 
'     gas:  all  shortlived. 
;  For  oil,  but  only  salt  wa- 
i      ter  found. 


Myers  (1  mile  north)  ^*  ..i 
Ro»)ertsville  ( noar) « . . . .  | 

Washington  Town8hlp«.l| 

Summit  County: 

Akron" 

Do 

Barborton  » 

Coventry  Township 

Northlleld  Town.ship*  .. 

•Ohio  Geol.  Surv.  Bull.  No.  1.  4th  ser.,  1903,  pp. 
71-76. 

« Record,  ibid..  Rept.  1888.  vol.  C,  p.  214. 

«lbid..  pp.  183-189. 

♦Ibid.,  p.  18h. 

'^Reoonl,  ibid.,  Bull.  No.  1,  4th  ser..  1903,  p.  74. 

•Ibia.,  p.  72. 

U)hio  (Jeol.  Surv.  Rept..  1888.  vol.  6,  pp.  213. 
788-789 

"Record,  ibid..  Bull.  No.  1.  4th  wr,  1903.  p.  74. 

•Ibid.,  p.  19. 

wOhio Geol.  surv.  Bull.  No.  1, 4tli ser..  1903.  p. 72. 

"Ibid.,  Rept.  1888.  vol.  6,  pp.  213-214. 

»«lDid..  Bull.  No.  1.  4th  sor..  1903,  pp.  71-72. 

»Mbid.,  p.  75. 

iMbid..  kept.  1888.  vol.  6.  p.  SSh. 


•  Gas  and  salt  water. 

Gas  pressure  of   210  aou 
175  pounds:  2  wells. 
,  Nothing  but  salt  water. 

Some  oil:  also  salt  water. 

Gas  at  e.^*)  feet,  shut  out 
I      by  salt  water. 
I  Show  of  gas. 

Dry. 

Mui'h  gas.  but  well  w^* 
ruined  by  salt  water. 

Some  Kas  at  172  feet. 

For  salt. 

Coal. 


»blbi<i..  Bull.  No.  1,  4th  ser..  1903,  pp.  76-78. 

wibid.,  Rept.  Ihhk.  vol.  6.  n.'JOI. 

"  Ibid.,  pp.  192-193.  14«.  "iSI. 

"Rworcl.  Ibul.,  pp.  197-201. 

"Ibid..  1890.  pp.  7M-785. 

»U)hio(ie(>l.  Surv.  Bull.  No.  1. 4th  ser.,  1903.  p. 99. 

S'  Keconl.  ibid..  Kept.  1888,  vol.  «.  pp.  264-266. 

«Ohio  Geol.  Surv.  Bull.  No.  1.  4th  ser..  p.  298. 

*»  Record,  ibid..  Kept.  isw.  vol.  0.  pp.  359-360. 

"Ohio  Geol.  Surv.  Bull.  No.  1.  4th  ser..  1903, 
p.  299. 

»Ibld.,  Rept.  188S.  vol.  r»,  pp.  3'20,  361. 

» Ibid.,  p.  360. 

*7  ReconJ,  Ibid.,  p.  319. 

» Ohio  Geol.  Surv.  Bull.  No.  1,  4th  ser..  1908. 
p.  296. 
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OHIO— Continued. 


unty: 


Depth. 


Feet. 
1,800 
S.710 


Diame-    Yield  per 
ter.      :  minute. 


Inchrt.      Gallons. 


;ca  (near) ' 

k>unty: 

ver  Township. 

ver-i 

(near)* 

near)* 

nship 

vrnsnip^ 


S] 


!^  1.300  1 

I  2,300    I 


1,100 
1,300  ' 
2,300 

•2.760 


Height  of 
water. 


Pieet. 


Remarke. 


Dry. 

Little  oil,  gas,  and  salt 
water  at  2,995  feet:  top 
of  salt  at  3,239  feet. 

2  boringK  for  gas:  unsuc- 
cessful. 

3  wells:  unsuccessful. 


Ipriugsi  •. 


unty: 


ty: 

>wn8hip. 
lis 


Township 

ove  (25  miles  ; 

10  I 

Township" 


Coal  and  brine. 
.  Little  gas  and  salt  water. 

1,400   1 Small  show  of  gas. 

1,200   Several  wells. 

400 

l.-'iOll     I ;  Some  oil  and  gas. 

1,«00   1 '  Salt  well. 

1.743 ' Forgasoroil:  found  only 

I  water  Ht  SOU  feet. 

I !  Several  oil  and  gas  wells." 

1. 240   1 j I  Very  small  flow  of  gas*. 

Oil,  gas,  and  salt  water. 
Salt  water. 

Nothing  but  salt  water. 
Salt  water,  some  oil. 
Fresh  and  salt  waters. 
Very    little  oil  and  salt 
water. 


Township'* 

vnship'^ 

3wnship'*.. 


ly: 


::ounty: 
Township. 


Mills  (3   mlleH 

PSt).'* 

i» 


Pool« 

ill8  Pool*;* 

i  Townships*... 


rK  = 


rg  (near) -•2. 


1,000 
(kJO 

1.100 
900-1,000  1 
1,017 

2.860 

2.  449 

700  or  800  I 

2,340  I 

J  2,900 

1  2,811 

490-1.057 

1,052 

700-1,300 

I 

1.114 

i- 1.740 

I  473 

1  447 

4-1,375      . 

594    .. 
+     423    . . 

2,  i:w     . 

I  1.40()    { 

\  l,h-ii    I 

1.650-1,800      . 

1,017  I   . 
•100-1.700  [    . 
2, 100 

2, 5(K) 
70-J    .. 
905    .. 


10-51 1 . 


10-51  . 


10-6ii 


Water  and  gas. 
(ias  well. 

2  wells. 

Gas.  oil,  and  salt  water. 
Salt  water  and  gas. 

[  Small  flow  of  gas:  much 
salt  water. 


2  wells. 

For  oil  or  gas:  unsuccess- 
ful. 
Oil  well  (schoolhou.se). 
Oil  well. 
Do. 


I.  Surv.   Bull.  No.  1.  4th   sor  .  19a3. 

.  Surv.  Kept..  1H.S8.  vol.  6.  p.  401. 

I.  No.  1.4th  ser.,  1903.  pp.  3'20, 369-370. 

9. 

K). 

)ld.,  Kept.  1888.  vol.  ^  p.  'J(i9. 

69-270. 

.  Surv.  Bull.  No.l.4tli  ht..  100.?,  pp. 

•id.,  Kept.  188H,  vol.  6,  pp.  ZVJ-IAO. 
record,  ibid..  Bull.  No.  1,  4th  sor., 

bid.,  p.  287. 

.  Surv,  Bull.  No.  1. 4ths(T..  1903.  p.  277. 

278-279. 

»l.  18W.  vol.  <;.  p.  ;i^.M. 


3  wells,   produ(;ed   small 

amount  of  oil. 

Larse  oil  field  about  hero. 

I  Numerous       successful 

I      wells;  gas  found  also. 

Oil  and  gas. 

Forgasoroil. 

Do. 

iM^ecord,  ibid..  Bull.  No.  1,  4tli  .ser.,  1903,  pp. 
270-277. 

>••  Ohio  (ief»l.  Surv.  Kept..  1888,  vol.6,  pp. 295-29G. 

1'  Ibid.,  p.  218. 

i-*Keeonl,  ihid..  Bull.  No.  1,  4th  ser.,  1903,  pp. 
i:i5-13(i. 

loibid.,  pp.  ir)8-Ui9. 

="'lbi(l.,  pp.  165-166. 

2>  Ibid.,  p.  27. 

2- Skeleton  record.  il)id..p.  186. 

2M<ecor(l,  Ibid.,  p.  190. 

2*  Ibid.,  pp.  170-171. 

2*  Ohio  Geol.  Surv.  Kept.,  1888,  vol.  6,  pp.  450-464. 


»Ibid.,  n.  45:}. 
corn 
;J34 


37  Record,  I»a.  (Jeol.  Surv.  Kept.,  Vol.  I^,  pp.  333- 
iwibid.,  p.  28. 
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OHIO— Continued. 


[aa2« 


Ix)cation. 


Washington  Connty— Cont'd. 

Macluburg  (near)  * 

Do.« 

MarietU* 

Marietta  (4   miles  be- 
low).* 
Marietta  (near)  • 


Do.« 

Marietta^ 

Moores  Junction  • . . . 
Newport  Township. . 
Wingett* 

Township  unlcnown. 

Wajme  County: 

Omrille 

Woosterw 


Sterling  ".... 

Williams  County: 

Bryan^ 


8tryker 

Wood  County  ». 


Bairdstown 

Bairdstown    (U    miles 
north).!* 

Bairdstown  (near) » 

Bloomdale" 

Bowling  Green  " 

Do." 

Do" 

Bradncr» 

Hammansbuivn 

Haskins 

Henry  Township » 

Do." 

Jerry  City« 


Depth. 


fM. 


Diame-   Yield  per!  Height  of 
ter.       minute.      water. 


Ineket. 


1,096!. 

1,7«^2,940  >. 

1,440  I. 

I 

8,016 

+    646 

f  2,008 

i  2,740 

1,440 

001 

+1,687 

f  1,676 

I  2,600 


1,806-2,000  , 
+    400' 
1.974-2,087 


860 


41 


1.068 
1.154 

1,154 
1,116 
±1,800 
1,152 
1,648 
1,244 
1,194 


OalUmt, 


F^. 


Remarlu. 


Many  oil  wells 

Oil  wells. 
Gas  well. 

Much  mil  water  St  i:i 

feet. 
Fbroilorgas. 

Do. 

Oil  well. 

Gas  well. 
2  oil  wells. 

Brine  at  SI7  and  SttlNi 
8  borings  for  oil  or  |K 

unsnccesrfnl. 
Gas-well  boring. 

Gas  and  oil  wells:  jieM 
small;  aaItwaterstlM7 
feet. 

Mineral  water  at  2»  feet. 

Many  oil  wells:  88  per 
cent  prodv 

Gas  wells. 

Gas  well. 

For  gas;  abandoned. 

Large  flow  of  gas. 

Gas  well. 

Laige  volume  of  gas. 

Oil  weU. 

Small  flow  of  oil. 

Do. 
Oil  well. 
Ga.0  wells:  some  oil. 


1,125-1,150  ' 

1,212-1,295  I '  on. 

1,155 I  2  wells;  one  with  fair  sop- 


Liberty  Township  ai 


1,1011-1.295  , 
1.190 


.1. 


I 


ply  of  oil.  , 

Produced  10,000  banelB  ol 

oil  per  dnv. 
2  gAs  and  oil  wells. 


UnflucceMiful. 
Several  gas  wells. 

Unsuccessful. 


North  Baltimore  »  . 

Do.« 

Pembcrvillv , 

Perrysburgw + 1, 600  ; 

Portage  ( vicinity) » 1, 177  ' 

Do.» I  1,134 

Do.» , I '  I^rse  flow  of  gas. 

Portage  (near) ,  1,262  i        81-61 '  Produces  5  barrel?  of  ol* 

I  :  '  I  '    *^*y- 

Rislngsun i >  Only  small  flow  of  oil.      ^ 

Tontoffany     (24    miles  1,425  ft-5| -  30    Some  salt  water,  oll.aiP* 

80Uthea.st).  i     gas.  ^ 

Weston* 1,575, Oil.     gas,     and    sulphi^ 

,  'I      water. 

Wyandot  (3ouiitv« ' '  Several  oil  and  gas  welUs^ 

Careyand  vicinity"....!  1,826-1.600  5| ' Several   gas  wells.  «om^ 

'II     yield  large  supply. 

Little  Sandusky '  1.450'  8-5|  .  .~  >  -  ^-  ^  ~.  r 

» Ohio  Geol  Surv.  Bull.  No.  1. 4th  set..  1903.  pp. 


149-160. 

«  Record.  Ibid 


pp  161-162 


"Ohio  Geol.  Surv  Kept..  1888.  vol.  6,  pp  368-410. 
" ~     t.voll. 


*  Record,  W.  Va.  Geol.  Surv.  Rept 

*Ibid.,pp.  2S6-287 

•Ohio Geol. Surv  Bull. No  1.4th8er 

» Record,  ibid.,  pp.  176-178. 

«Ibld..  p.  175. 

•Ibid.,  p.  190. 

»"Ibid..  kept.  1888.  vol  6,  pp.  361-363. 

»>  U.  8.  Geol.  Surv.  Monograph  No.  41. 

"Record,  Ohio  Geol.  Surv.  Rept.,  188 
pp.  247-249.  786. 

"Ohio  Geol.  Surv.  Bull.  No.  1, 4tri  scr.,  1903.  pp. 
65-56. 

"Ibid  ,  Rept.  1888,  vol.  6,  pp.  229-232. 

»*lbid.,  pp.  282-283. 

"ibid.,  pp.  238-234. 

17  Ibid.,  pp.  156-150,  pL,  p.  112. 


,  p  288. 
.  1903,  p.  28 


p.  558. 
&.  vol. 


i  -  40  I  Salt  water  at  25  feet 

"Ibid.,  p  160. 

10 Record  ibid  .  Bull  No.  1,  4th  aer.,  1908.  p. !». 

»Ohio  Geol  Surv.  Rept..  1888,  vol.  6,  p.  20/. 

«  Record,  ibid.,  p  2,37. 

»sibid..  pp.  237-238. 

« Record.  Pn.  2d  Geol.  Surv.  Ann.  Rept..  1886. 
part  2.  p  780. 

"Ohio  G(K>1.  Surv.  Rept..  1888,  vol.  6.  p.  283. 

» Ibid.,  Bull.  No.  1,  4th  8er..  1908,  pp.  61-62. 

»Ibid..  Rept.  1S8k.  vol.  6,  pp.  '228-229;  Pa.  2d 
.Geol.  Surv.  Rept.,  1886,  p.  786. 

"  Record,  ibid.,  p.  228. 

«lbid.   pp.  225.  788. 

"Ohio  Geol.Kiirv.  Rept..  1888.  vol.  6.  pp.  164-165. 
228 

"'Ibid.  pp.  223-224. 

»>  Ibid..  Bull  No.  1, 4th  ser..  1903.  pp.  95-96. 

» Ibid..  Rept.  1888.  vol.  6.  pp.  203-207;  ibid.,  Bull. 
No  1.  4th  Rcr.,  1903.  p.  96 
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Location. 

Depth. 

Diame- 
ter. 

IncheB. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

Wyandot  County— Cont'd. 
Nevada! 

Feet. 
2.000 
1,823 
1,340-1,3471 

1.826-1,335 
1,427 

OaOons 

Feet. 

Nothing  but  salt  water. 
Small  now  of  oil. 

Salem  Township  « 

Upner  Sandusky  » 

MlseelianeouB: 

Oakharbor* 

Two  borings  for  oil  or  gas; 

unsuccessful. 
3  gas  wells. 

Whartonsbuxgi 

1 1 

For  oil  or  gas;  niuuccev- 
ful. 

Wilmington* 



»  Ohio  Geol.  Surv.  Kept.  1888,  vol.  6,  p.  208. 
*  Record.  Pa.  2d  Geol.  Surv.  Ann.  Rept.,  1886, 
part  2,  pp  785-786. 


sQhio  Geol.  Surv.  Rept.,  1888.  vol.  6.  p.  202: 
<Ibid.,  pp.  210-211. 
*  Ibid.,  pp.  296-297. 


PRINCIPAL  PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  OHIO. 

Report  of  the  Geological  Survey  of  Ohio,  volume  6,  Economic  Geology,  831 
pages,  plates,  Columbus,  1888. 

First  Annual  Report  of  the  Geological  Survey  of  Ohio  (third  oi^ganization),  by 
Edward  Orton,  State  geologist,  323  pages,  plates,  Columbus,  1890. 

Water  resources  of  Indiana  and  Ohio,  by  Frank  Leverett:  U.  S.  Geological  Sur- 
vey, Eighteenth  Annual  Report,  1896-97,  part  4,  pp.  423-569,  plates,  Washington, 
1897. 

Rock  waters  of  Ohio,  by  Edwanl  Orton:  U.  S.  Geological  Survey,  Nineteenth 
Annual  Report,  1897-98,  part  4,  pp.  633-717,  plates,  Washington,  1899. 

Oil  and  gas,  by  Bownocker:  Ohio  Geological  Survey,  Bulletin  1,  4th  series,  1903.      i 

Berea  grit  oil  sand  in  Cadiz  quadrangle,  Ohio,  by  W.  T.  Griswold:  U.  S.  Geolog- 
ical Survey  Bulletin  No.  198,  pages  25-33,  1902. 

Glacial  formations  of  Erie  and  Ohio  basins,  by  Frank  Leverett:  U.  8.  Geological 
Survey  Monograph,  No.  41,  Washington,  1902. 

OKLAHOMA. 


Location. 


B€«ver  County: 

Optima 

Canadian  County: 

Fort  Reno 

Do 

^  Do 

'-omanche  County: 

Lawton  (T.  2.  R  11,  sec. 

Lawton  (T.  2,  R.  11.  sec. 
28). 


Cleveland  County: 

.    Cleveland 

t'arlield  County: 

Uarber  (1.  23,  R.  3,  see 

18). 


Depths,    i 

Feet.        1 
498 

1.200 
1.370 
l,44n 

600 

1,41.'> 


Greer  County. 

Gmnite  (T  5,  R.  21,  avc. 

Ml 


Mangum 

Do 

Kay  County: 

fiiackweli  (one-half 
mile  east  from  post- 
office) . 


6(M.;V2() 


i\00  , 


Diame-  | Yield  per 
ter.      i  minute. 


Inches.      Gallons. 


500 
400 


1.630 


10-8 


Feet. 


No  flow. 


10-6   ;    No  flow. 


-   10 


Remarks. 


No  water. 


Fresh  water  at  441  feel. 
Alkaline  and  salty. 

No  water:  natural  gas  at 
350  and  575  feet. 

Not  completed;  water 
sand  at  6:^  a[id  a'iO  feet. 
DO  flow:  gas  at  600  feet; 
water  at  950  feet  would 
rise  about  500  feet;  top 
water  .soft  and  fresh, 
lower  Is  brackish;  tem- 
perature at  mouth, 
about  60°. 

Bored  for  oil. 

Not  completed;  no  water; 
excellent  samples  of  oil 
passed  through. 

Water     found     in    sand; 

principal  supplies  at  15 

and  750  feet. 
For  oil.  unsuccessful. 
Abandoned. 

Water  salty;  vein  of  .valt 
water  at  1.680  feet  pro- 
ducing 30  per  cent  of 
dry  salt  of  remarkalkl*' 
purity. 


110 


DB£P   BOBINQS   IN    THE   UNITED   STATES. 
OKLAHOMA^-Continaed. 


[3C0.14ik 


Location. 


Kay  County— Continued. 
Blackwell    (50    rod* 

northwest). 
Newklrk 


Depth. 


Ftet. 


Kinsrfliher  County: 
Ringflsher 


Oklahoma  County: 

Oklahoma 

OMtfe  County: 

Pawhuska 

Pawnee  County: 

Cleveland i 

Potuwatomie  County: 

Shawnee 

Woods  County: 

Alva 


Jet. 


1,115 

600 

780 
1,700 
530 
672 
491 

975 


Diame- 
ter. 


Yield  per 
minute. 


Inchtg,      Qatttmt, 


Height  of 
water. 


Fui. 


-  8 


Remarks. 


Oas  at  500  and  800  feet 

Bomeoll.lratnot  inpsyisK 
quantities:  salt  water  at 
various  depths 

Lam   supply  of 
saJtwmter. 


Tot  oil  or  I 

ful. 
OU  well. 

Fbr  oil  or  mm 

at  220  feet. 
For  oil  or  gaa 


Hard  water,  meleis  for 
boiler  purposes  (tt 
depot). 

At  S»  feet  is  an  MvA 
layer  of  sand,  prodoeinc 
1  to  8  barrels  el  oil  dsilr 
soft  water  at  180  feet 


OREGON. 


Baker  County:  I 

BakerClty 400 

Clatsop  County:  ' 

FortStevenH I  400 

Do ,  800 

Gilliam  County:  I 

Blalock 400, 

Harney  County:  |  | 

Bums 750  , 

Morrow  County: 

Heppner '  6fi0 

Multnomah  rounty:  \ 

Portland '  l.ftfiO 

Wasco  County:  i  ' 

TheDalle.s '  1,020  ; 

A.  M.  Kelsay'H  farm ^  1,002  ] 

Bliss  water  station :  418  ■ 

Cleft  water  station 425  ' 


I 
.1    Many. 


8|. 


4i-u:. 


4-31 
3 


42 

+■28 


+  10 
+10 


Unsuoeessfnl. 
Do. 

Do. 

Abandoned:  only  a  tvry 
small  flow  at  900  feet 


Bored  for  oil:  no  water 

below  850  feet. 
Not  completed. 
Water  tepid. 
Do. 


PENNSYLVANIA. 


Adams  C<)unty--(k>ntinned. 

Littlestown  

Allegheny  Connty: 

Allegheny. 


Do(?) 

Bridgeville  (vicinity) » 

Brush  ton  Station 

Carnegie  (near) 

(>>llier  Township  -' 

Crescent  Townships  .. 


Dana  Township 

Demmler 

Dlxmonl* 

Knst  Deer  Townshl|» 


500  i 


•I 


l>o.ft l.liM-1 


1,760 Salt  well. 

ryS5-ft6J I  2welK 

2,2.%    

1,615 ,  rnsuccci»ful. 

2.3a=>  ' Gas  well. 

2.019-2,400   , I  3  wells:  2ga«welK 

2.  lOrt Foroil  or  gas:  unprodu^-' 

tlve. 

1. 300   j  Gas.  ^ 

l.tiOO   Foroil organ;  abandon«<^ 

1,802  ' Oil  and  gas  well. 

I.f.l0-2,:H34 1  iiwells.  somegasandoil 


Klrod.. 
Do. 


eral    gas    wells: 
uVxandoned. 

1 ,  500  ' For  oil  or  gas.  abandoned^ 

1 ,  ^f^i Flows.     For  oil  or  gas;  unsuceew--^ 

ful. 


'  Record.  I'a.  id  Geol.  Surv.  Kept..  Vol.  I-',  p.  272. 
s'lbid..  pp.  2tn-2tJ2. 
»Ibid.,  pp.  2G4-265. 


♦Ibid.,  pp.  257-2;iS. 
^Ibid..  pp.  237-*23». 
•Ibid..  188G.  pt.  2,  pp.  6ti7-«>». 


DEEP   BORINGS   IN    THE    UNITED   STATES. 
PENNSYLVANIA— Continued. 


Ill 


Depth. 


Diame- 
ter. 


1 1  y— Cont'd.  Fret. 

le  north)  ....  1,510  ' 

i8hip 1.639-1,975 

2,000-3.118 

)wnship>....    1,906-2.150 
ij      1,492  to  ' 

1        ±1,500 

Township    2.03O-2.3t(5 
part). 
Township  2,960 


Jnchc9. 


Yield  per 
minute. 


GtiUlmif. 


Height  of 
water. 


Feti. 


Remarks. 


i<lwater8 
iin).» 


of 


nehalf  mile 


ownship. 
•vnship  .. 
wnsnip*. 


(vicinity)' 
ion  (near), 
vnship 


For  gas:  abandoned. 
19  wells:  some  gas  and  oil. 
6  wells:  9ome  gas  and  oil. 
Several  oil  or  gas  wells. 
For  oil  or  gas. 
Many  wells;  for  oil  or  gas. 
.j  Gas  well. 


±1.600 
2.017  ' 

1,300-2.106 
1,862-2.300 
1,109-1.200 
1.205-2.300 
1,744 


wnship* 

?1 1  Township. 
iirTownship. 

Township'". 
>ii  Field".... 

Borough 

wnship'* 

nship 


(1    mile 


'  1,541-1,991 
I  2,IHJ2-2.418 
1,724 
2.014 
1,914 
1,403 
2.110 
2, 342 
1.610 
1,830 
2.471 
l.e.'iS 

1.798 


Many 


•  I 


Flows 


ship'* 1,800-2.3:^7 

tid«* I  1.686-1,837 

lilies  (town-  1.8'iO 


tion  (3niiIo8 
tvnship 


1     Many. 

Flows. 

:;;'  ':"i 

1 

. 

1 

1 

For  oil  or  gas:  abandoned. 
For  oil  or  gas. 

6  gas  wells. 

5  gas  and  oil  wells. 

Several  gas  wells. 

4  wells;  some  gas. 

For  oil  or  gas. 

For  gas:  unsuccessful. 

20  gas  and  oil  wells. 

12  gas  and  oil  wells. 

Fresh  water  at  1,600  feet. 

itas  well. 

Do. 

Do. 
For  oil  or  gas. 

Gas  well. 

Unproductive. 
For  oil  or  gas;  unsuccess- 
ful. 
Fresh  water. 

Several  oil  and  gas  wells. 
Do. 


hip>9.. 

iiship. . 
Uiip  -"  . 


2, 164 

1,<;80-1,9.'H) 

2, 182 

l,9r)0-2.060 

l,71'>-2,240   j  Numerous    gas    and    oil 


For  oil  or  gas. 

Gas  and  oil. 

For  oil  or  gas:  unproduu- 
tive. 


1,79.M 
1.750  , 


wells. 


hip2» 

!Diiles8oiith- 


AU\\i  HVOniU' 

.T  street  1.23 
Twenty-lii^t 


— For  oil  or  gas;  unproduc- 

!  live. 

2. 010  j 2  gas  and  oil  wells. 

»»i No  water  below  1,100  feet; 

i  deepest    well     in     the 
;  United  State*. 
Foroil  orgas;  al>and<>ned. 


2.U10 
.'»,  57.') 


4.700: 
l.(>]6 


tins  well. 


rwenty-fifih  : 

(Twenlv-  I 
rd).» 

2d  Geo!.  Surv.  Ht  pi..  Vol.  I-,  Pi». 

,  p.  144. 

i.  Geo!.  .Surv.  Folic.  No.  «M.  190:?. 

2d  (Jeol.  Surv.  Aim.  Kept..  18%. 

,'p. '^12 

i-74i;. 

^74i>. 
i-75:{. 
.  p.  2M. 

Va.  (ieol.  .Surv.  KeF't..  V(»l.  1.  1H9U. 
1  (11).  IWI.  pp.  112  in. 
2(1.  Ge<»l.  Surv.  Ann.  Kent  .  IK^*;. 
13 
1-742. 


1 .  «;20 For  oil  orgas:  abandoned. 

y.OOO  5ii-;-)i UirgeKHswell. 

1 , 8J6    Gtts  well. 


^*  Ibid.,  pp.  746-747. 

'•'Ibid.,  Vol.  P.  pp.  26,S-268. 

^•Mbid..  pp   258-2C0. 

»•  Ibid.,  pp.  262-26;i 

'Mbid.,  pp.  239-211. 

'Mbid..  pp  244-251  W  Va.  Geol.  Surv.  Rept., 
vol.  1  («).  1904.  pp.  97-98. 

«"  Ibid  .  1886,  pan  2.  pp.  749-750. 

'-'  IbKl..  Vol.  1^.  pp  24:i-244. 

'"  Record.  W.Vii,  (Jeoi.  Surv.  Rept..  vol.  1  (a), 
V.m,  pp.  103-107. 

23  Record.  I»n.  2d  Geol.  Surv.  Rept  .  Vol  P.  pp. 
276-277. 

2*  Ibid..  |8S(i.  pHil  2.  pp.  730-732;  W.  Va.  Geol. 
Surv.  Rept..  vol.  1  (h).  1904.  pp.  99-101. 

a^lbid..  pp.  73:^-736 


£ 
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DEEP   BORINGS    IN    THE    UNITED    STATES. 
PENNSYLVAXIA-Continued. 


ixo.  149. 


Location. 


Depth. 


Allegheny  Ck)unty— Cont'd. 
Pittsbuiv    (Fourteenth 

Ward).i  I 

Pittsburg:    (near    steel  j 

worlu).* 
Pittsbui^  (Just  outside  I 

of  city).  I 

Do : 

Pittsburg  (Thirty-fourth 

Ward).* 
Pittsburg   (Twenty-first 

Ward).* 
PitUburg  (Twenty-third 

Ward). 
Pittsburg  (Thirty-third 

Ward).* 
Pittsburg   (Fifteenth 

Wartl).« 
Pittsburg   (Twenty-first 

Ward). 
Pittsburg  (Twenty-sixth 

Waid). 
Pittsburs 


Feet. 
2,007 


2,360 


1,901 


Diamc-   Yield  per 
ter.        minute. 


Inches,   i  GaUons. 


61'. 


1,600  L 
2,014  ' 


Height  of 
water. 


Remarks. 


Feet. 


51 


J. 


.    Dry  hole, 

. '  For  oil  or  ga?. 

J,  Gas  well. 

.i  Small  flow  of  gas. 
.    For  gas:  unsuccessful,  ow- 
I      ing  to  salt  water. 


1,635   ... 

1,600  ' ' ,  For  gas:  flooded  with  salt 

I                I.I  1      water. 

1,577   ' ,  For  oil  or  gas:  abandoned 


on  account  of  salt  watej- 


1,576   1  Foroilorgas:  abandone<i 

I  !  I 


1,575   ' For  gas:  flooded  with  wa- 

I  i  i  'ter.  . 

1, 535   For  oil  or  gas:  abandon*^** 

I  i  I  on  account  of  salt  wat«?^- 

2,518  , 

Richland  Township 1,597-1.866  ' 6gas  wells. 

Do '  2,014-2,085  , ,  Swells:  2  gas. 

Robinson  Township 7 1,770-2.427  ' ' 2  oil  and  gas  wells. 

Ross  Township  i) 1.915-2,037  i 3  wells:  some  gas. 

Bewick  ley  Township*...:  2.00a-2,133  ' Gas  and  oil  wells. 

Shaler Township '" 1,393   Forgas:  al>andoncd. 

Do 1,891    ... Gas. 

Do 1.655-1.949  , 6  wells:  gas  and  oil. 

Do 2.060-2,250    2  gas  wells. 

Sharpsburg  ( near)  II 2,010 i  Foroilorgas;  abandoue?'^ 

SnowdenTownshipi^...  2,348 Gas  well. 

Sodom(ncar)" 2,275-2,502  ' i  Several  gas  wells. 


South    Fayette    Town- 
ship. >« 
South  Versailles  Town- 

'"{& 

Do.>6 


Spence  Run  »• i 

Springdale    Station  i 
(near).  ' 

Tarentum 

Tarentum  (vicinity) ^'... 

Tarentum    (3i    miles 

northeast)."* 

Toby  Townnhln 

I'pper  81,  Clair  Town- 

Mhip.«» 

Do 

Wall  Station  (near) 


2,140   '  Oil  well. 

!  1,500-1,724  ' ' '  3wells. 

1,550  I ' i  Gas  well. 

1  1,510-1,624  ; I For  oil  orgas;  abandon* 

I     on  account  of  salt  watu. 

i  1,990* Foroilorgas. 

I  WO  t , 1 1  Forgas;  unsuccessful. 

.         +1,160 Forgasoroil:  alMindoner 

482-1,705  , Several  gas  and  oil  wel 

small  production. 

2,010    , For  oil  or  gas;  unprfjdi - 

live. 


1.400 
2,442 


2,250-2,602  ' 
1,850  I 


.Many.  I        Flows. 


West  Deer  Township  ....    1, 425-1. 971 


Do.  •-■" . 
Do.  2' . 


2,004-: 


Township  unknown 

Do 

Do 


Do 

Armstrong  County: 
Belhel  Township. 

Do , 

Do 


T 


482  !. 


Gas  well. 

'^  wells:  some  gas.  ^^ 

Water  charged  with  jwj^ti 

temp..  6o'=>-70-\  alw  1^=-   * 

well. 
26  wells:  principally  p^  ^ 

an<l  oil. 
H  wells;  some  gas  and  c  ^  i'- 
For  oil  or  gas.  unpnKl'«.  »c- 
I      tive. 


Ann.  Kept..  1886, 


1  Record.  Pa.  2d  Geol.  Siirv 
pt  2,  pp.  736-737. 

«  Iblii..  Vol.  Ill,  pp.  398-400. 

3  Ibid..  1886.  part  2.  pp.  739-741:  W.    Va.  (Jeol 
Surv.  Kept.,  vol.  1  (a).  1904.  pp.  101-103 

M bid..  Vol.  r-,  pp.  275-276. 

6  Ibid.,  1886.  part  2,  p.  73h. 
«lbld.,  p.  741. 

7  Ibid.,  Vol.  P.  pp.  268-269. 
«Ibid..  pp. '255-'257. 
•Ibid.,  p.  243. 

»<'IbJd..  1886,  pt.  2,  pp.  752-753. 


1.5-20-1. 8:17 I  12  wells:  s«miega.s. 

2,007-2,425  | i 5  wells:  some  gas:  3  -^an- 

I  1      productive. 

3,000-4,618  1 2  wells:    1  gas,    1  unt>«^»- 

I  '      ductlve. 

1,082-1,168    1  Swells;  1  gas. 

1,678-1,940, 7  wells:  3  gas. 

2,223-2,273  | I I  2  wells;  1  unpruductiv*-^.  ' 

I  1      ga.«j. 

'"  Ibid.,  Vol.  l\  pp.  i;^8-139. 
»« Ibid.,  Vol.  I-',  pp.  273-274. 
'••ibid.,  pp.  2«'.9-273. 
'<  Ibid.,  p.  273 
>i' Ibid.,  1886.  pt.  2.  pp.  751-752. 


"Ibid.,  p.  744. 
"Ibid.,  Vol  I',  pp.  mV-108. 
"Ibid.,  Vol.  I^  pp.  •2:i8-239. 
"Ibid.,  pp.  271-272. 

^Record,  W.  Va.  Geol.  Surv.  Kept.,  vol.  * 
1904.  pp.  96-97. 
«  Record,  Fa.  2d  (feol.  Surv.  Rept.,  Vol.1*,  P* 


Mrrojf.l  DEEP   BORINGS   IN   THE   UNITED   STATES. 

PENNSYLVANIA— Continued. 
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Location. 


LrmfftroTiR  County— Cont'd. 

B<»gKi»  (?)  Townnhlp 

Biifqrn  Township 

Do 


Depth. 


Bntdys  Bend 

Bradys  Bend  Township  * . 

Do 

Burrell  Township 

Do 

Do 

Do 


i 

7T2^S 

1,025-1,4 

1,660-1.7 

2, 1270-2,  > 

+1.C 
l,ia>-l,J 
1, 456-3. /i 

i 

1.172-1, 
1,500-1, 
2,006-2 


Diame-  Yield  per 
ter.       minute. 

Height  of  ' 
water. 

hiche».      OnUnrn. 

Fptt. 

I 

Remarks. 


6  wells:  8  gas. 
25  wells;  17  gas. 


Cowanshannoclc  Town-     1,120-1 
.ship. 

Do 1.500-2,040  . 

Criswell  ( vicinity)* 1, 394-1. 61h  . 

flast  Fran Iclin Township.          461-971  . 

Do '  1.100-1.470  I. 

Do ;  1,504-1.892  . 


Do 

Farrentown" 

Fawn  Township 

Foxburg* 

Gilpin  Township  (?). 

Do 


8  wells. 
6  wells;  5  gas,  1  anproduc- 

tive. 
Oil  and  gas  well. 
For  oil. 

9  wells;  some  oil  and  gas. 

vw   I !  Gns. 

47H   I  29  wells;  principally  gas. 

m) ;  26  wells:  18  gas. 

«19 '4  wells;  Sgas,  1  unproduc- 
tive. 

4hO 40  wells;  :« gas. 


i 


Kislciminitas  Township . 
Kitunning  Township. . . 

Do ! 

Do I 

La  wrencebnrg  (southof  )&l 
Limestone  Township  (?) . ! 

Madison  Township 

Do ' 

Mahoning  Township 

Manor  Township 

North  Buffalo  Township.! 

Parle  Township 

Par  Iter  City* i 

Perry  Township ' 

Do'.^'^v/^'.v.'.'.'.'.'.'.. 

l»ine  Township I 

Do j 

Do.». I 

Plum  Creek  Township. . .; 

lUiyburn  Township 

Red  bank  Township 

South  BcndTownsnip... 

DO I 

South  Buffalo | 

Suirar  Creek  Township . .  | 
Valley  Township i 

Do 

Washington  Township  . . ' 

Do 

Wayne  Township 

Do 

West  Franklin 

Do 

Do.»« 

Beaver  County:  ' 

Baden  (lmilenorth)i<.. 

Beaver  Falls" 

Beaver    Falls  (2  miles 

above).  '^ 
Bridge  water  (near) 

'Record,  Pa.  2rl  Geol.  Surv. 
iT8-259. 
»Ibld..  pp.  253-268. 
Mbid.,  pp.  242-248. 
MWd..  pp.  237-238. 
» Ibid.,  p.  243. 
•Ibid.,  p.  242. 
Mbld.,  pp.  240-241. 

.  iRR  149—05 8 


2.266  . 

1,140-1,166  . 

1,147-1.550  . 

805-944  . 

1,775  . 

1,600-3,211  '. 

1,314-2.081  1. 

1,126-1.498  L 

1.511-1,975  I. 

2,002-2.195  . 

1,017  . 

895-1.730  . 

872  . 

1.027-2.505  . 

I.?i6-2,719  . 

1.175-2,036  . 

1,017-2,910  . 

2,000-2.097  . 

850  . 

801-950  . 

791  . 

1.017-1,621  . 

915-975  . 

1,000-2,6-25  . 

1,410-1,693  . 

1.100-2.965  . 

1,228-1.901  . 

1,100-2.231 

632,947  . 

1,100-2,078  . 

1.094-2,890  . 

1.079-2,525  . 

850-900  . 

1, 093-1, 6a=>  . 

895-900  . 

1, 175-2, 3Hi  . 

775-998  . 
1.004-2,681 
9()K 

1. 149-2,  tKXS  '. 

2. 581-3.:)]  7  . 


.   20  wells;  mainly  gas. 

.;  Oil  and  gas  wells. 

. ,  5  gas  wells. 

.:  10  wells:  5  gas. 

.  7  wells;  3  gas,  3  unproduc- 
tive. 

.   Gas  well. 

.   Several  oil  and  gas  wells. 

.   Several  sood  gas  wells. 

.   Small  oil  wells. 

.    Tn productive. 

.  7  wells;  6  gas,.!  unproduc- 
tive. 

.,  15wellR;  some  gas  and  oil. 

•  i  15  gas  wells. 

.1  23  wells:  22  gas. 

.{  7  wells;  6  gas.  1  unproduc- 

■     tive. 

.  10  wells:  7  gas. 

.  Gas  well. 

.  18  wells;  principally  gas. 

.  8  wells. 

.  25  wells;  some  gas. 

.  38  wells,  some  gas. 

.  2  wells. 

.  Oil  well. 

.  For  gas  or  oil,  7  wells. 

.  Oil  and  gas  well. 

.  8  wells:  some  oil. 

.  2  wells. 

.  11  wells. 

.  Oil  and  gas  wells. 

.  54  wells.  principnNy  gas. 

.  3  wells:  2  gas. 

.  10  wells;  some  gas. 

.  2  wells;  1  gan,  1  unproduc- 
tive. 

.  22  wells:  principally  gas. 

.  47  wells:  principally  gas. 

.  27  wells;  some  gas. 

.  2  gas  wells. 

.  28  wells;  principally  gas. 

.  2  giis  wells. 

.  (»  wells;  5  gas. 

.  15  wells;  11  gas. 

.  39  wells;  principally  ga». 

.    15  wells:  priiKipallygr.s. 
.    5  wells. 


1 .  3<'»<)    For  oil  or  gas. 

2.:J30    Foroilorgas;  unsuccessful. 

982    (Jaswell. 

For  gas;  mi  all  j-upply. 


Kept..  Vol.  11.  pp.  "  Ibid..  Vol.  III.  pp.  4H')-417. 

•Ibid.,  pp.  409-410;  Vol.  II,  p.  277. 
>« Record,  W.  Va.  (ieol.  Surv.  Kept.,  vol.  1  (a). 
1904.  pp.  108-112. 
i»  Record,  Pa.  2d  Geol.  Surv.  Rept.,  Vol.  I*,  p.  '232, 
"Ibid.,  Vol.  Ill,  pp.  401-404. 
wibid.,  Vol.  I<,  pp.  142-143. 
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DEEP  B0RIN08  IN   THE   UNITED  STATES. 
PENNSYLVANIA-ConUnaed. 


[m.m 


Location. 


Beaver  County— Continued. 
Darllnirtoni 


FWiroakii* 

Fairoaka  (vicinity)  > 

Oeorsetown* 

Hanover  Townnbip  * 

Homewood  station 

Home  wood  station  (vi- 

.   cinity).* 

Hopewell  Townabip* 

Indepenience  Town- 
ship,' 

Moon  Township* 

New  Sewlckley  Town- 
ship.* 

Rochester  i«» 

Smiths  Ferryii 


Bedford  County: 

Usterbnig(2  miles  north- 
west). 
Blair  County: 

Altooua 

Bradford  County: 

Hollenback 

Bucks  County: 

Doylestown 

Revere  " 

Butler  County: 

Adams  Township 

Do 

Allegheny  Township ^ . . 

Brady  Township  ^* 

Brewster  Field 

Buffalo  Township 


Depth. 


FKt. 

2,444 

1.046 
1,606 
1,480 
1.644 

'-'^^ 

1.490-1,572 
+1.228 

1,257-1.680 
1,820 

965 
500 


800 


Do 

Butler" 

Do 

Butler  (3  miles  Houth ) . . 

D<)  >« 

Butler  Township  " 

Do 

Do 


Center  Township 

Clearfield  Township'* . . . 

Do 

Do 

Clinton  Town'-hlp 


2,006 


750 
2,084 

1,900 
1,28&-1,881 
1,055-1,408 
1,458-1,506 

1,640 
1,480-2,818 

8.055 

3.055 

1.500-1.950 

8.008  I 
1.500-1,795 
1,524-1.687  I 
1, 420-1,498  I 
1.8S8-3,008  ' 

1,640  ' 
1.55H-1,925  • 

4(K) 
2,612  ! 
1. 140-2. 70y 


Diame- 
ter. 


Inches. 


Yield  per  Height  of 
minute.  I     water,     t 


Remarks. 


-h 


GfUUmi.  I       fM. 


For  oil  or  gas:  nnprodnr 

tive. 
Small  oU  well. 
Qas  well. 
For  oil  or  gas:  ( 


For  oil  or  I 

I        Da 


For  oil  or  gas; 

tive. 
Several  oil  or  gi 
For  oil  or  gas: 

tive. 
For  gas  and  all, 
I  For  oil  or 

tive. 


gas;  unpiwliic- 


Ahandoned. 


Dry. 


Com'onI  Township 

Connoquenessing  Town 

ship. 
Cranberry  Township . . . 
Donef^al  Township 

D<» 

Do.  '» 

Euclid  Township 

Fairview  Townsnip 

Do.  '." 


1. 120-1, 67ti 
1.072-1.857  I 


1,124-1.746  I 

6H>  1 

1. 362-1, 4V1  ■ 

1,56'>-1,740  I 


,  Unproductive. 

56  wells:  oil  and  gas. 
I  Oil  and  gas  wells. 

For  oil. 

,  38  wells;  mostly  gas  snd 

1     oil. 

I  I'nproductive. 

For  oil  orjras:  abandoned. 

Several  oil  and  ga»  welK 

Ua»  and  oil  wells. 
For  oil. 
9  wells;  6  oil. 
Many  wells;   mobtlj  g** 
and  oil. 

Several  oil  and  gas  wellK 
one  unsuccesnul. 

Oil. 

Gas. 

.34  wells,  oil  and  gas:  iome 
unproductive. 

8  wells. 

129  wells:  gas  and  ou* 
some  unproductive. 

18  wells:  oil  and  gas. 

18  wells:  6  oil. 

Many  oil  and  gas  wells- 


Do... 

I)0.2>. 


Forwanl 
Do... 


460-900    ' 1 2well9.                             _^ 

1. 421-1, 61M    , Numerous    oil    and    I**' 

'  wells. 

1  311-2. 4<J0 5H  wells;  26  oil. 

2,'2r)7    Well  No.  lonM.  CJ.Bl^^ 

'  farm. 

ownship- ,  l..=v>3-l,r»83  ' Oil  and  gas  wells. 

'  1.09fM,499  , In9  wells:    1  gas,  119  C^ 

13  oil  and  gas. 


'  Record.  Va.  2<1  (tcoI.  Snrv.  Ann.  Kept.,  1886. 
part  2.  pp.  7W-781. 

»Ibid..  Vol.  P,  |»i».  232-2:«. 

»Ibi«l..  p.  2;w. 

Mbid..  i»i».  235-'236. 

f'Ibid..  Vol.  OQ.  pp.  '250-251. 

•Ibid..  Vol.  I*,  pp.  234-235. 

7  Ibid.,  1886,  part  2,  pp.  779-7H0. 

"  Ibid..  i»p.  688-G89. 

« Ibid.,  Vol.  R  pp.  -231-232. 
i"Ibid.,  Vol.  II,  pp.  279-280. 
"Ibid.,  pp.  2H1 -282. 
«  Record.Ann.  Phil.  Soc.  Traiis.,vol.  '29.  pp.21-24. 


"Record.  Pa.  2<1  (Je(»I.Surv.  Rept.,  Vol.  II.  f^ 
23H-240. 

H  Ibid..  Vol.  ({«,  pp.  l.'Vtm.'il:  Vol  III,  pp.  418-«# 

'ilbid..  Vol.  P.  pp.  19.S-194. 

'•Ibid.,  pp.  209-210. 

»•  Ibid..  188H,  i»art  2.  vv.  711-718. 

i^Ibid..  p.  178:  Vol.  11.  pp.  206-268. 

'»Ibid..  Vol.  1\  pp.  199--2a3:  Vol.  II,  pp.  5 

»Ibid..  Vol.  II.  pp.  24C.-262.  ^ 

*i  Record.  W.  Va.  (ieol.  Snrv.  Repi..  vol.  1  (a^ 
1904   p  94 

a  Record.  Pa.  2d  (ieol.  Surv.  Kept.,  Vol.  I*,  p.  206* 
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cation. 


ty— Continued. 
Townflhip 


Depth. 


Diame- 
ter. 


Yield  per  Height  of 
minute.       water. 


Remarks. 


elt  City  (vicln- 

Clty    (3    milen  | 

ity  (vicinity)*..' 
lie  (vicinity)*  .. 


Feet.  Inche*.      Gallons.         Feet. 

1,500-1,809 !  88  wells:    2  gas,  51  oU,  4 

oil  and  gas. 

2,625   Ollandgas. 

1.H75 


Township  . 


I  Center* 

I  Township 

City     (one-half 

)Utfl).7 

Mills" 

rBurrellTown- 


Pownship* 

lion  (near)  10.. 


1.500 

1,423-1,580 

880-1.367 

1.784-1.901 

1,088-1.756 

1,732 

1.494-1.969 

1,454 


For  oil  or  gas;  unproduc- 
tive. 

Several  oil  and  gas  wells. 

For  gas  or  oil. 

Several  oil  and  gas  wells. 

80  wells*  principally  gas 
and  oil. 
;  Oil  well. 

59  wells;  gas  and  oil. 


140    , Gas  well. 

779 


'ownshlp  . 


765 
1.900  ' 


I 


I 


•X  Township"  .. 

Township 

itation(li  miles 


'  For   oil    or   gas;    unpro- 
ductive. 

H80-948    3  wells. 

1.367    

1. 785-1, 930    Seveml  oil  and  gas  wells. 

1,248-2.027  ; 17  wells;  gasand  oil. 

2,  ia5  ! Gas  well. 


'ownship" 1,183-1.418 

2.073-2,356 

wnship 1, 164-1. 482 

* 1,528-1,825 


(vicinity)  »*  . 


(north  of)  . 
(near) 


lun  District . 
vicinity)"., 
itation'" 


ation»' 

rg(2mileswe8t)2i 
RockTownship« 


Townships*. 


I 


I  For  oil;  Swells. 

2  wells. 
I  13  wells;  principally  oil. 
Numerous    oil    and    gas 
wells;  some  good   pro- 
ducers. 

gas   and    oil 


1,400-1.631  I ' Numerous 

1,707-1,711    ' 2oil  wells. 

1,738   i 

8i-6f i  Produces  11  barrels  of  oil 

'  a    day;    water-bearing 

'  strata  at  170  and  600  feet. 
1  380  ' 

l,44.'>-i;577  W/.'.V.V.'X.V.'.V... '  Gas  wells. 

3.055  ; j For  oil  or  gas;  abandoned 


1,780 


ation  » 

(south  of). 
Township. 


inty: 

Township 

Mill« 

'ree  Boroughs*.. 


1.857    ' Gas  well. 

1. 82.')    For  oil  or  gas. 

1,411 Do. 

1,400-1. 4:i«  ! For  oil:  unproductive. 

2,135    , 

1,822  I ' Gas  well. 

1,735    1 Oil  well. 

1,080-2,527  ' ' I Many  wells:   oil  and  gas 

mostly. 

912 

1, 9o<)    I Gas  well. 

4()0 

1 .  68.') Foroil orgas;  unsuccessful. 

1. 0:W-2.  f>S()   r»l  wells:  principally  gas; 

very  little  oil. 

K(KX)    

6.'>:i*.' Gas  well. 

(iM    Do. 


»a.2d  Geol.  Surv.  Kei»t..  Vol.  I*.  n.  13H. 

141. 

•1.  II.  pp.  247-248. 

«6,  part  2.  pp.  71H-719. 

•1.  16.  pp.  19r)-197. 

16.  part  2.  pp.  716-717, 

1.  II,  pp.  'hVl-'hU. 

.270-271. 

«.  part  2.  p.  72U. 

.1.  fft.  p. 


210. 
271:  Vol. 


I"',  pp.  I«.i7-iy8:  Vol. 


I.  II, 

05. 

6,  part  2,  PP.717-71S. 

.1.11.  pp.  243-246. 

16.  part  2.  pi).  713-716;  Vol.  I\  pp.  J 

^eol.  Surv'.  kept.,  vol.  l  (a).  1904. 


pp. 


'•Ibid..  Vol.  II.  pp.  260-261. 283-296:  VV.  Va.Geol. 
Surv.  Kept.,  vol.  1  (ft).  1904.  pp.8tf-9:J. 
>«  Ibid.,  Vol.  V\  pp.  194-195. 
n  Ibid..  1H86,  part  2,  pp.  713-714;  Vol.  I*,  p.  138. 
>Mbid..Vol.  16.  pp.  193-^94. 
iMbid.,  p.  194. 
-■"Ibid..  Vol.  II.  p.  269. 
2'  Ibid.,  p.  270. 
*-'•-•  Ibfd..  Vol.  QQ,  p.  154. 
"Mbid..  Vol.  I*,  pp.  143-144;  Vol.  I*,  417-418. 
-Mbid..  Vol.  18.  p.  404. 
■iMbiil..  Vol.  II.  pp.  2<)8-269. 
» Ibid.,  p.  716. 

^>  Ibid..  Vol.  HH,  pp.  176-180. 
»Ibid..  Vol.  D,  p.  146. 
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PENNSYLVANIA-Continued. 


Location. 


Cambria  County— Oont*d. 

CraMoni 

EbeiMbaig 

■   JohDHtown* 


Johnstown  (4  milei  wtety* 

Taylor  Townibip 

Cameron  County: 

Cameron  nation  (one- 
half  mile  northeast) .« 
rium* 


QTOriU 


Emporium  (4  miletf 
northwest)  .* 
Chester  County: 

Farkeshnis' 

Clarion  Counnr: 


Ashland  Tx>wnship*. , 
Beaver  Township* . . , 

Brush  RunM , 

Clarionii 


Clarion  (near) 

Cooksburgr  (vicinity)  u . . 


Crown  Tbwnship 

Edenbuigi* 

Bdenbuig  (1  mile  south- 

east).i« 
KlkTownshipU 


Do. 


Karmington  Township .. 

Knox  Township 

Madison  Township 

Mill  Creek  rownshipi*.. 


Do 

Minville". 


Pliiey  Township 

Richland  Township"' ... 

Salem  Townnhip '« 

ScotteHill  (near) 

Shipp(Mi8vHle  (li  miles 
HOUth  ).'-«» 

SllRoSJ 

Sn  vderaburg  « 

Toby  Township » 

Turkey  City  (near) **.... 
Township  unknown 

Do 

Do 

Do 

Do 

Cleartleld  County: 

Clearfield  (2  mileHHouth- 

WCKt).* 

DulK»iK  Station* 

Dubois 

Jordan  Township 

Clinton  (-onnty: 

Crawford  Township 


D^th. 


Feet. 
877 
1.000 
2.866 

•A  500 
2.fi00 

971 

1,410 
+400 
1,007 


622 

1.128 
1,001-1,200 
1.017-1,686 
1,238-1,867 

1,811 
848-2,060 

1,082 
1,268 
1,046 

977-1,460 

2,025 
2,060 
1,207 
1,062-8,513 
2,323 

1.867 

2,280 

992 

I.IM 

1.040-1,700 

1,198-1,200 

2,378 

2,025 


Gallagher  Township 

Hammernley  Fork 

Humes  Htatfon  (near) ". . 

Lot^khaven 


1,151 
1,207 
1,400 
1,150 
944 

,046-1,427 
1,(»H 

:,  130-2. 2S0 
2, 712 

2,900 

3.020 

.S,006 

4M-«17 

45K 

3.625 

-1.800 

1,K21 

3,526 


Diame- 
ter. 


Yield  per'  Height  of  I 
minute.      watei. 


Ineka. 


»  Reconl,  Pa.  2d  Geol.  8ur\'.  Kept..  Vol. 
p.  80. 

«Ibld..  Vol.  16,  pp.  IG9-170. 


.  P.  pp.  1 
»Ibid..  pp.  17(M71. 
(1..  \\>1.  RR,  part  : 


QnUion: 
*Many. 


Rcmarb, 


No  flow.  I 


FtooU. 

For  oil  or  gas;  nnprod 
tlve. 
.'Do. 
.'  Unproductive. 

.   Fbroil. 

.!        Do. 

.1  For  oU  or  gas;  anpto* 
I     tive. 

I 

:;   DO. 

.1  Fbroil  or  gas. 
.  Oil  and  gas  wells. 
.'  Several  oil  wells:  ai 
I     productive. 

!'  For  oil  or  gas;  one  * 
I     ductive. 

! ''  Good  oil  well. 


I  Several  oil  or  gas 
some  unproduetir 


.;  6  wells;  1 
.    For  oil  or  gas;  unpr 
tlve. 

.   Oil  and  gas  well. 
.  on. 

. '  Several  oil  wells. 
.  I  Oil  and  gas  wells. 

! '  For  oil  or  gas:  unpr 
'      tlve. 
.    Oil  well. 

Do. 

Do. 
.    For  oil  or  gas. 

.    3  wellK. 

.■  2  wells. 


For  oil  or  ga.s:  unpr 
tlve. 
Do. 
For  oil;  unsiieecssfu 
2  wells. 

Coal  prospeet:  unsu 

ful. 


HH. 


p.  23:  Vol.  G<.  p.  13H. 


Mbld.. 

filbid..  Vol.  G4,  p.  140. 

•Ibid.,  p.  141. 

•  Record,  Am.  Phil.  Soe..  PnK;..vol.  29,  pp.4.V4t;. 

*  Record,  Pa.  2d  Geol.  Surv.  Rept..  Vol.  I »,  p.  230. 
•Ibid..  Vol.  II.  pp.  228-229. 

10 Ibid.,  Vol.  P.  pp.  235-236. 

"Ibid.,  pp.  167-159:  Vol.  Ill,  pp.  41*-414. 

"Ibid.,  Vol.  I«,  pp.  140-141. 

»*Ibid.,  pp.  139-140. 


For  oil. 

For  oil  or  gas;  unpi 

I    tive. 

ftj' For  oil  or  gas;  unsu 

I  ful. 

>*Ihid..  Vol.  II.  p.  229. 

iMbid.,  i)p.  2:«>-232:  Vol.  III.  pp.  415-416. 

i«Ibld..\'T)l.  11.  pp.  232-2:W. 

"Ibid..  Vol.  III.  pp.  411-412. 

iMbid..  Vol.  II.  pp.  •22»i-227. 


>» Ibid.,  pp.  227-229. 

»Ibid..  Vol.  I\  pp.  414-415. 

«Ibid..  Vol.  (J*.  pp.  149-150;  Vol.  II.  pp.  23 

a  Ibid..  Vol.  G<.  p.  149:  Vol.  \\  p.  140. 

wibid..  Vol.  \\  pp.  412-413. 

«Ibid..  Vol.  II.p.227. 

»Ibid..  Vol.  P.  pp.  lt)6-167. 

"Ibid.,  pp.  165-166. 

«Ibid..  p.  197. 
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I..ocation. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

0€Uknu. 

Height  of 
water. 

Remarks. 

in  ton  County— Continued. 
Keno  vo ." 

4,000 

3,460 

460-1,350 

717-722 

777 
590-1,000 

976 
416-700 
698-814 

845 

750 

6807 
900 

+475 

3,500 

550-971 

565-950 

500 

900 

1,065 

465-1,507 

745 

512 

600 

3.553 

400-806 

600-1,700 

600-1,000 

600-1,100 

+600 

864 

420 
485 

2,675 
2,800 
+400 
2,440 

1,700 
500 
975 

721 

424-6:^2 

2.095-2  448 

2, 510 
1.335-1.756 

2, 445 
1.805-2.326 

1.H20 
772 

1.678 

2.510 

Jnche9. 

Fut. 
-600 

For  oil;  unsuccessful . 

I)o 



Oas  well. 

Do 

For  oil  or  gas. 

•1 11  mbia  County: 

2f  ontana 

2 

».  %vford  County: 

Black  A8hi 

For  oil  or  gas;  abandoned. 
Several  oil  wells. 

Bloomfleld  Townships .. 

Do 

Church  Run  » 

Do. 

Do 

3  wells. 

Concord  Township  * 

Oil  and  gas  well. 

Conneautvllle    (1   mile 

For  oil  or  gas. 
Oil  well. 

below).* 
Dieluonburv 

Meadville* 

Several  oil  wells  in  this 

Meadville  (near)  • 

Oil  Creek  Township 

vicinity. 

■ 

For  oil. 

Do 

3  wells. 

Randolph  (vicinity )».... 
Reeds  ComerR* 

Several  oil  wells. 

For  oil  or  gas;  abandoned. 
Oil  and  gas  well. 
Oil  well. 

Several  oil  and  gas  wells; 

Homeproductive. 
Oas  well. 

Do. 

For  oil  or  gas. 
Numerous    oil    and    gas 

wells. 
Several  oil  and  gas  wells: 

some  unproductive. 
Oil  and  gas  wells. 
Several  oil  and  gas  wells. 
For  oil;  unsuccessful. 

Richmond  Township. . . . 

1 

South  Shenango  Town- 

Hhip." 
Sparta  Township  " 

Spartansburg  (2i  miles 

southeast)." 

Spring  Township 

Titusville 

10 

Titusville  (near)  >« 

Titusville  (vicinity)'*... 

Troy  Township 

Tryouville  ( vicinltv) 

Wayne  Township'* 

Woodc«x;k  Township 

xi3)berland  County: 

Carlisle  (li  miles  south- 

5^4 

6-41 
5 

6 
6 

east). 
Carlisle  (5  miles  west) . . . 

Rivertou  (?) 

•►iiphin  County: 

Fort  Hunter 

Abandoned. 

Harrisburg 

For  gas;  abandoned. 

Do 

2  wells. 

Gas      accompanied       by 
strong  flow  of  water. 

Abandoned. 

Probably  surface  water. 

For  oil  or  gas:  abandoned. 

13  wells. 

Many  oil  and  gas  wcUn: 

some  abandoned. 
Uirge  gas  well. 

2  oil  wells:  1  abandoned. 

3  wells:  some  gas. 
Small  gas  well. 

For  oil:  unsjiccessful. 
Gas  well. 

Middletown'« 

*^lsware  County: 
Eagle  Station 

Few. 

liadnor  Station 

12 



Do 

*  Ik  County: 

Benezette" .. 

Dennis  Run 

12-8 
3 

40-50      I»umped. 


Highland  Township  "» . . . 
Johnnonburg  Station  '^ 



Jones  Township  «" 

Maxwell  Run 

Millstone  Township 

Ridgway« 

Xa. ....:::::.:.::: 

Ridg>«'ay  Townships 

'  Record.  Pa. 2d  Geol.  Snrv.  Rept..  Vol.  P.  p.  1S<>. 
^,  Mbid..  Vol.  Q.  pp.  224-226:  Vol.  II.  pp.  •2T3-274; 
Vol.  14.  p.  119. 

>Ibid..  Vol.  II.pp.  66-69. 

Mbid.,  Vol.  Q*,  p.  212. 

*Ibid.,  pp.216.  234-236. 

•Pa.  2d  Geol.  Surv..  Reports.  Vol.  Q*,  p.  175. 

^Record,  U.  S.  Geol.  Surv,  Monograph  No.  41. 
pp.  457^458. 

•Record,  Pa.  2d  Geol.  Snrv.  Kept:.  Vol.  Q*.  pp. 
178-179. 

•Ibid.,  p.  212. 
'<*  Ibid.,  p.  153. 

"Ibid..  Vol.  P.  i>p.  186-1H7:  Vol.  n\  p.  227. 
»«Ibid..  Vol.  11.  p.  69;   Am.  I'hilos.  ^^K^  l»n><'., 
vol.  16,  p.  493. 


13  Ibid..  Vol.  il\  p.  1H4;  Vol.  I».  p.  154:  V«»l.  V,  p. 

'Mbid..  Vol.  1<.  pp.  118-119:  Am.  Philow.  .S<k«. 
Proe..  vol.  16.  pp.  490-493. 

'6  Ibid.,  Vol.  Q4,  pp.  122-125. 

'«  Record.  I'.  S.  Geol.  .Surv.  Folio  No.  H2. 

17  Record,  Pa.  2d  Geol.  Surv.  Rept,  Vol.  I<.  pp. 
133-134:  Vol.  RR.,  p.  248. 

'Mbid.,  1886.  part  2,  pp.  707-709;  Vol.  P.  p.  166. 

'Mbid..  pp.  710-711. 

wibid..  Vol.  I*,  pp.  127-128. 

«  Ibid..  1886,  pt.  2.  p.  711. 

«lbld.,  Vol.  G*.  pp.  142-143. 

Mlbid..  pp.  1*29-131.  J 
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[xaliG 


P£KNSYL.VANIA--Contiiiiied. 


._l. 

£lk  County— Continned. 

8tlCarirt(weiitof)> I 

SpriDgCreek  Townships. 


Depth. 


Dhune- 
ter. 


Yield  per 
minute. 


"I 


Do.. 


.1^ 


2,010 
880 
1,802 
2,287 
2,725 
1,850 

60O-680 

2;  840 

4,480 

Do.« i  1.250-1.418 


WIIeox(4|  mUei  north  )«.< 
Eile  Coun^: 

Amity  Township 


Imehet,  .  Oaltotu. 


Cony* 
£rie». 


•I 


Do. 


ndnrlew  Township  ^. . 

Giraid  Township* 

Green  Aeld 

Leboeuf 

Bpringfleld  Township . 

Summit  Township 

Wayne  Township 

Union  City* 


Union  Township 

Waterford  (2  miles  west) . 
Fayette  County: 

Belle  Veraonw 

Brownsville" 

Oermsn  Township  i* 

Do :. 

Do«» 

HaddenvUlei« 


Lsyton  station  u 

McClellandtown  (1  mile 
iionthe«st).M 

MasoiitowniT 

Do." 


ICenallen  Township 

New  Geneva  (2|  miles 

w)utheasl).<* 
Oldt  rame  (1  mile  west )  i*.  I 

Redbtone  Township j 

Smith  ne Id    (1    milv 

north)  io  I 

South  Union  Township..; 

Tyrone  Township 

Unlontown    (3    miles  i 

northwest).*' 
Upper  Middletown  " 

Washington  Township  .. 

lownship  unknown > 

Forwt  County: 

Bar  net  Township  » ' 


470-800 

700-1,000 
MO 
780 
780 
400 
400 
flOO 
1,A2S 

1.600 
850 

2,005 
+2.106 
1.196 
2.585 
2,907 
1.712 

2.100 

1.196 

2.525 
870-2,827 

1.712 
2,050 

1,26.S  , 
522  I 
1,858 

744 
2. 100  I 
2.001  I 


Height  of 
water. 


Feet. 


Remarks. 


Gas  well 
For  oil; 


Small  oil  well. 

Several  oil  and  gas  well 

Gas  and  oil  well. 

Fbr  oil  or  gas;  abandoHe« 

Gas  wells. 

Numerous  gas   and  ol 

wells. 
Several  gas  wells. 
For  oil;  unsuccessful. 
Large  gas  well. 
Oil  and  gas  well. 
For  oil;  unsuccessful. 
Gas  well. 
Gas  and  oil  well. 
For  oil  or  gas;  nnsucce»i 

ful. 
For  oil;  unsuccessful. 
Oil  and  gas  wells. 

Small  gas  well. 
Gas  well. 
Do. 


Gas     well;    only    ana 

amount  of  gas. 
For  oil  or*  gcs;  unprodu 

tlve.  ' 
Gas  well. 

Do. 
Many  wells:  gas.  oil.  af 
brine. 


Show  of  gas  at  bottom 
well. 


Unproductive. 
UaM  well. 


2,440  1 1  ' I  For  oil  or  ga«;  unprodt3 

I                 I  I     tive. 

2,006  1 1 Gas  well. 


.106  I 
2.4-28  ' 


Do '  l,778-2.?25    . 

Ramet    Township    (40  '  2,?26  i. 

rods    from  Clarion  I  , 

River).  '  1 

Brookston i  2,200  |. 

Cooksburg" 2,100-2,726  '. 

Delight  (near)  1,223  ■ 

Howe  Township" 1, 475-1, 9W)  j. 


R-6| 


J>o.(?)».  ; 2.233  1 

»  Record.  Pa.  2d  Geol.  Surv.  Kept.,  Vol.  l\  pp. 
181-132. 

*  Ibid.,  pp.  132-133. 
»Ibld.,  V<>l.  G*,  pp.  148-146. 
Mbid,  Vol.  I«,  p.  228. 
*Ibid.,  Vol.  1*,  pp.  187-192. 
<'Ibld.,Voi.  I«.  pp.  1'22.  290. 
^  Ibid.,  Vol.  Q«,  pp.  262-263. 
>Ib)d.,  p.  259. 
•Ibid.,  Vol.  K  p.  121. 
»"Ibid..  1886,  j)art  2.  pp.  778-779. 
»•  Ibid.,  Vol.  T«,  pp.  817-318. 
»lbid.,  pp.  821-XB. 

'^Herttrd.  H'.  Vh.  Getu.  Snrv.  Kept.,  V(»l.  1  (a), 
JSOi,  pp.  U5-1W, 


Do. 

For  oil  or  gas.  uiLsucoe< 

ful. 
3  wells. 


For  oil  or  gas;  unxuccet- 
ful. 
Do. 
(las  well;   hard  water  j 

KO  left, 
."'fverai  oil  welli*. 
(;a.M  well. 
.  S  (Jeol.  Surv.  Folio  No.  82.  p.  18. 
'a.  2d  Geol.  burv.  Kept.,  Vol.  I*,  pi 


>*Re<'onl, 

>*  Rei-oni. 
318-319 

••»  Record.  V.  S.  Geo!  Surv.  Folio  No. 82.  pp.  18-1" 

«7  Record.  Pa.  2<i  (ieol.  Surv.  Rept.,  Vol.  1*  pi 
322-323. 

«r.  S.  Geol.  Surv   Folio  No.  82.  1902,  p.  20. 

»» Record,  ibid.,  p.  19. 

*>Re<ronr,  Pa.  2<l  (ieoi.  Surv.  Rept.,  Vol.  1*.  pi 
320-321. 

2>  Ibid.,  p.  319. 

a  Ibid.,  p.  154. 

a  Ibid.,  pp.  159-1  «1. 

« Ibid.,  Vol.  H.  pp.  79-Ml:  1W6.  part  2,  p.  700. 
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PENNSYLVANIA— Continued. 


Location. 


Forest  County— Continued. 
Jenks  Township ' 


Depth. 


I  Diame-  .Yield  per 
ter.      '  minute. 


Do.» 

I>o 

KingsleyTownvhip' — 

Marienville  (near)* 

Xeilltown  (vicinity)*  .. 


Feft. 
400-1,003 


Inches.    I  GcUUm». 


Height  of 
water. 


h>.€t. 


1,310-2,505  \ 

2.630  i 

2,200  i 

1.305  ' 

780-995    • 


rione!«ta(near)* 

Tinnesta  Tow^nship? 


437 
554-2. 177 


2,05f>-2.426 


Do 

Frarililln  County: 

Chambereburg -r  400 

Cliambersburg  (2  miles  tioO 

WCTt). 

•ireene  County:  , 

Aleppo  Township  » !  3, 030-3. 343    . 

Bl»ck«ville» I  oOO?  . 

Carraichaels (vicinity)'".  2.432   . 

Center  Township |  805  : . 

Do !  2,980  '. 

Do i  3,04ft-3.2«7    . 


Remarks. 


Several  Kan  or  oil  wells: 
UDproductive. 

Several  wells;  mainly  un- 
productive. 

For  oil  or  gas;  unproduc- 
tive. 

Numerous  oil  and  gas 
wells;  some  unproduc- 
tive. 

Oil  and  gas  well. 

For  oil  or  gas;  unproduc- 
tive. 

8  wells. 


-17     Water  at  4*20  feet. 


Camberland  Township. 
Deep  Valley  (near)" . 
Diinkard  Township. . . 

Franklin  Township  . . 


Do 

(ireene  Township  .. 

Do 

Greensboro  " 

Greensburg    (4    mi 

southwest). " 
Higbee  (near) 


T 


2, 432 


6  wells;  gas  and  oil. 

For  oil. 

For  oil  or  gas. 

Gas  well. 

Oil  well. 

2  gas  wells. 


Do. 


Jackmn  Township 

Jefferson  >♦ 

Jeffer>ion  Township 

Do 

Jollyt(»wn    (2    miles 

northeast) .  •* 
Jollytown     (3    miles 

wesi).>»» 
Mount  Morris  (near)"... 

Do." 

Morgan  Township 

Do 

Morris  Township 


^  3'^*^   I  ■  2  wells 

798-2,620   Many  oil  and  gas  wells; 

some  unproductive. 
8  wells;  5  gas,  2  unproduc- 
tive. 


400-888 

,931-3,353 

1 

731 

2,165 

1 

668 

769 

3,337 

3,076 
J,l'25-3,211 

10-5 
13-5 

2,658 

1 

50  wells:  principally  gas. 
Oil  and  gas  well. 


Oil  well. 
Do. 

For  oil:  unsuccessful; 
PitUburg  coal  at  1,022 
feet;  brine  at  1,862  feet. 

For  oil;  Pittsbuig  coal  at 
927  feet. 

8  wells;  unproductive. 


Do. 
Do. 


2.050 Gas  well. 

2,920-3.18i :  4  wells;  3ga8. 

3,27K 

3,477 

1,772' 

l,9a5 

750 

2.G06-3.-278 

H25-9H0 

1,010-3.290 

2,965  i 


\\\-% 


New  Freeport  (3i  miles  ,  3,466 

southwest)."*  I 

Xineveh  ( vicinity )>» j  2, 970-3, 221 

Perrv  Township |  1. 730-3. 261 

Richhill  Township 2,424-3,413 


Oil  well. 

For  oil. 

Gas  well. 

11  wells:  mostly  gas. 

3  wells;  2  oil,  1  unproduc- 
tive. 

22  wells:  oil  and  gas,  bome 
unproductive. 

Gas  well:  Pittsburg  coal  at 
935  feet,  gas  at  2,940  feet 


'Record,  Pa.  2d  Geol.  Siirv   Kept.,  Vol.  I*,  pp. 

•Ibid.,  pp.  83-«6;  1886.  part  2.  pp.  702-705. 

Mbid.,  1886.  part  2.  pp.  70:^04. 

'Ibid.,  Vol.  G<,  pp.  146-147. 

Mbid..  Vol.  I*,pp.  69-77. 

« Record.  Am.  Philos.  S<k'.  Phh;..  vol.  16.  p.  4HH. 

■  Pa.  2d  Geol.  Surv.  Kept.,  Vol.  I*,  pp.  77-79;  1886, 
part  2.  pp.  705-707. 

'Record,  W.  Vn.  Geol.  Surv.  Kept.,  vol.  1  (h), 
19W.  p.  129. 

•Recortl,  Pa.  2d  Geol.  Surv.  Kept.,  Vol.  K,  i.p. 
108-1O9. 
"'Ibid.,  Vol.  1*.  pp.  315-316. 
"Record,  W.  Va.  Geol  Surv.  Kept..  v«W.  I  (a). 
19W,  p.  12^129. 


Several  wells. 

6  wells:  gas  and  oil. 

9  wells:  gas  and  oil,  1  un- 
productive. 

i«  Record.  Pa.  2d  Geol.  Surv.  Ann.  Kept.,  18ij6, 
part  2.  p.  774. 

iJlbid..  Vol.  I*,  p.  14.5. 

»♦  Ibid.,  Vol.  P.  pp.  314-316. 

'^Record.  \V.  Va.  Geol.  Surv.  Kept.,  vol.  1  (a), 
1904  p.  127. 

>«  Record,  Pa.  2d  Geol.  Surv.  Rept.,  Vol.  !•,  pp. 
316-317. 

»*  Record.  Bull.  Geol.  Soc.  Am.,  vol.  8,  p.  189; 
U.  S.  Geol.  Surv.  Folio  No.  82,  p.  19. 

^''Rerortl.  W.  Va.  Geol.  Surv.  Rept..  vol.  1  (a), 
1904,  pp.  12^130. 

'«» Re(!ord.  Pa.  2d  Geol.  Surv.  Rept.,  Vol.  l».  py, 
30H-.312;  W.  Va.  Get>\.  SviTV.  ^v^.,nq\, \  \«.>i  Aw^x 
pp.  130-131. 
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txallS. 


LocAtfcm. 


Unme  Ooaniy— Oontlnued. 
Rsrwwo  lUtkm  (north 

of).* 
SpringAeM  Tmniihip . . . 
g^nff  Hll]TimiMh&... 


Do 

WMhlnfUm  TDwiuhfp . 
Do 


mllei 


WajmeTicywiHliip. 

Do 

Wayneirtmni* 

WajncrtmR    (S 

northesitl.* 
Wajnestun   (8 

norUMMt).' 
WaxDMbcui   (4    miles 

nathcMtT-^ 
WftjmefllNiiv  (several 

Bilce  toaihwest).* 

Wftfnesbuiy  ( vldiittsr)* . 


Whlteley  Township. 

WllkmTieev 

Township  unknown . 

Do..:. 

Do 


Huntingdon  Conntj: 

Hnnttnfdoik 

Hyner  Station  (near)". . . 
Indiana  County: 

Blackllck(¥ldnity)*... 

Bumll  Townriilp 

Center  T6wnshlp 

Oonemauffh  Townehip . , 

Indiana  Twnship 

North  Hahonlng  Town- 
ship. 

Punxsntawnvy    (vicln- 


Saltibi 


Saltsburg  (near)". 


SaltoboiK  district 

Wanhington  Township . 


Depth. 


Diame- 
ter. 


2,716 

S,14« 
8,4M 

2»  871-8, 441 

606-8G8 

2,020-8,780 
2,745 
8,200 

8,004 

2,966 

I  8,008 

8,780 

I  8,298 

2,675-2,900 

f  2.9S 

I  8,890 

2,165 
885 

2.585 
8,080-8,272 


400 
•     1,187 

1,728 
2,160-2,857 

2,125 
1,545-1,784 

2,054 

2.615? 


Jneket. 


2,745 

2,014 

2.216 
1.100-1.620 

1,605 


West  Mahoning  Town- 
ship. 

White  Towmthip !  488 

Do '  8,246 

Township  unknown j  8,220 

Do..:. 414 

Do-w I  1,190-1.200 

Do I  1,839-1,930 

Jefferson  County: 

Bamett  Township >  1.845 

Do I  2,170 

•Beaver  Township 2. 705-2. 716 

Brookvllle" I  3,100 


10-5 
10-5 

VMV. 


Yield  per 
minute. 


OaiUnu, 


Height  of 
water. 


FM. 


For  oil  or  gat. 

Gas. 

Gas  at  8,860  feet;  pnsnre 

900  pounds. 
Gas  at  8488  and  8,228  feet. 
OIL 

7  wells;  1  oil,  8  gas,  S  un- 
productive. 

8  wells;  1  gat.  4  unpio- 
ductive. 

18  wells;  principally  gss. 
Oil  well;  abandoned. 


8  wells. 

2  oil  and  gas  wellr,  1  un- 
productive. 

12  wells;  mostiy  gss;  2  un- 
productive. . 

For  oil  or  gat:  abandoned. 

OUweli. 

5  wells;  1  gas,  8  unpro- 
ductive. 

Heveral  wells. 
For  oil. 

For  oil  or  gas;  abandoned 
2  wells;  Idry. 

2  gas  wells. 
Gas  well. 
Do. 

Gas  well. 

For  oil  or  gas;  unprodo*^ 

tlve. 
Gas  well. 
8  wells;   7  gan,  1  unpn** 

ductive. 
GdM. 

Coal. 


Do. 
8  wells;  1  gas. 
2  wells;  1  unproducti\e. 

Brine. 

2  wells. 

For  oil  or  gas;  unproducr- 

live. 
Gaa  well. 
Do. 


Do." I  1.700 

Brookville Borough H...  I  2.430  ' 1 1 

Eldred  Township '  2.8f»0  ' 

Falls      Creek      station  I  8,040' ' Do. 

(near)."    .  I  I  ■  1 

Heath  Township '  1 ,  870-2.  SW  , '  2  welK 

Horatio ,  W3   1 -10  1 

Knox  Township" I  1,608-2,000  Moderate  gas  welU. 


» Record.  Pa.  2d  Geol.  Surv.  Rcpt,,  Vol.  I*,  pp. 
812-818 

«lbld..  18H6.  part  2.  pp.  772-773 

s  Record  W.  Va.  Gcol.  Surv.  Repl.,  vol.  1  (a), 
1904  p.  121. 

♦Ibid.,  p.  122. 


6 Ibid.,  pp.  122-126. 

d.  Pa.  2d  Geol.  8urv.  Rept..  Vol.  P.  p.  812. 


•Reoon  _        _ 

T  Ibid.,  p.  816,  U.  8.  Geol.  Surv. 


•Ibid.,  Vol.  G<,  pp.  131-184. 

•  Ibid.,  Vol.  l\  p.  16K. 
»"Ibid.,  1886,  imrt2.  pp.  776-777. 
"Ibid.,  Vol.  I»,  pp.  167-168. 
"Ibid.,  pp.  163-164. 
"Ibid..\V>l.  I<.  p.  139. 
»♦  Ibid..  18^6.  part  2.  p.  778. 


>.  pa 
wibld..  Vol.  I»,  p.  164. 
olio  No.  «i,  p.  20.  "  Ibid.,  pp.  162-163. 
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?Htion. 


unty — Cont'd. 

jwuship 

vnship 

vnship 

ownship 

nwnship 

ton  Township . 
p  unknown 


Depth. 


Diame- 
ter. 


I  County: 


Feet.       I   Jnehet. 

1.734-2.7-20  ' 

2,205   

1,951    

1,105  ; 

2,359    

8,040  ' 

1,734  ' 

2,015 

2  985  ' 

3,100-3!  200  \..y..y... 


Yield  per  Height  of 
minute.       water. 


GaUoiiB. 


Feel. 


1  (1  mile  soutii-  : 

I  (2  miles  north-  - 

I  (3  miles  west) . . 
I  (6  miles  north- 


Minty: 
le».... 


le  (vicinity)  ... 


780 
2,060 

^6 

+700 

« 

±1.000 
2,200 

6 
H-6 

2.380 

2.700 

H 

25 


issing. 


^ownship* ' 

mty:  | 

I 

1  ( Diamond  Wa 

). 


1,912 

700-900  i 

3,«30 


790    . 


H-6i 


inty: 

l» 

I  (vicinity) < .. 


482-690  I 
800  I 


464-511  1 
636  ' 
466 


(1  mile  from)*. 

(near)* 

n  Township^ 

Township" , 


1, 
010-1, 


632-1, 
1, 
2, 

316-2, 


085 
719 

601  , 
404 
Oil  ! 
400  ' 


e  Township  i**... 
le     (3     miles 


1,613-1,768 
2, 


;,  111-2. 
1, 


490 
130 


Dilow'i 

1  (near)  

station  12 ^ 

station  (near)i^.; 

Township^*!!!! 


•rt  (west  of )-'«. 
.rt  (vicinity)  ■-'- 


1.390 


040 
000 
263 
000 


Flows. 


Remarks, 


Flow. 


8  wells:  1 1 


Unproductive. 

Qas. 

Dry  (7). 

Gas. 

2  wells;  1  dry. 


Abandoned. 


Water  in  small  quantity. 

For  oil  or  gas;  unpro- 
ductive. 

Gas  and  oil  well. 

Several  wells. 

Oil  and  water  at  240  feet; 
ffas  at  600.  575.  and  825 
feet;  at»andoned,  with 
two  sets  of  tools  in  well. 

For  oil;  unsuccessful. 

Coal  prospects. 
2  wells. 

2  wells. 

For  water;  unsuccessful. 

For  oil. 

Numerous   oil    and    pis 

wells. 
Gas  wells. 
For  oil  or  gas. 
Oil  well. 
Several   oil   wells;    some 

unproductive. 
Several    oil    wells;    one 

abandoned. 
Several  oil  and  gas  wells. 
Oil  well. 

For  oil   or  gas;     unpro- 
ductive. 
Oil  well. 

For  oil  organ;  abandoned. 
Dry  hole. 


lleys 


i.OOl Foroilorgas. 

.  H.>0   For  oil  and  gas. 

,  7K5   For  oil  orgas;  abandoned. 

2, 013    Excellent  gas  well. 

\,Hri   Good  ga*  well. 

2, 00(>-2,  :i«0   Several  oil  and  gas  wells. 

l,l>i;i    

2, 004  For  oil:  abandoned. 

1, 2«KM. IHX)    Several  oil  and  gas  wells; 

small  production. 

yTO   Oil  well. 

l.o:V>-l,«n9 Several  oil  and  gas  wells. 


Pa.  2d  Geol.  Siirv.  lU'pl..  Vol.  <;<,  pp. 
II.  pp.  27.V276. 
•1.  QQ.  p.  89. 
1.  I<.  pp.  97-103. 
89;  Vol.  K,  pp.  2H7-290. 
.  259-261. 
90. 

'1.  R.  pp.  260-267. 
•1.  J*.  pp.  151-152. 

•1.  R,  pp.  179-182.  Vol.  !♦.  pp.  111-113. 
>1.  1*,  pp.  152-lM. 
•1.  !♦.  p.  97. 
,  Ibid..  Vol.  it.  p.  'J2. 


13  Ibid.,  pp.  243-245. 

JMbid.,  pp.  245-248. 

1^  Re<'or<l.  ibid..  Vol   H.  pp.  106-108. 

>*Ibid.,  pp.  108-111. 

"Ibid.,  pp.  104-106. 

i«  Ibid..  188<>.  pt.  2.  pp.  695-696. 

»Mbid..  p.  698. 

»Ibid 

»'lbid..  Vol.  R.  pp.! 

« Ibid.,  pp.  272-276. 

»Ibld..  Vol.  14,  p.  91. 

2«  Ibid.,  pp. 87-92. 


pp.  696-698,  Vol.  l\  p.  117. 
Vol.  R.  pp.  271-272. 
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i» 


Location. 


Meicer  County: 

Jamertowni 

Mercer  (nvftr)  < 

Hkldlewx(ne*r)«. 


Mlddleaex.  Wert  (1  mile 
■outb).« 

Staaron  (UmlleaRboTe)^ 

Stoneboro  (near)* 

MlflUn  County: 

Newton  Hamlltcm 

Montgomery  County: 

Ambler 

Bryn  Mawr 

Do 

Bryn  Mawr  (collate) . . . . 

Bryn  Mawr  (bote!) 

Pltswatertown 

Lanidale 

PenuburB 

Port  Kennedy... 


Northampton  Connty: 

Easton 

Mount  Carmel 

Philadelphia  Oonn^: 

FianKford  Junction 

Philadelphia  (Melrose). 

Ambler  Works 

Morocco  Works 

N.& G.N.  Taylor... 

League  IslandT 


Hog  Island 

Brown  and  24th  sts . . 
Mount  Vernon  and 

18tb  streets. 
OiUow  Hill  and  7th 

street). 
Crown  and  Willow 

street. 
Market  and  15th  Mts.. 
108  South  Broad  Mt... 
Broad  street  bolow 

Lo(;U8t. 
Amholt  &  Schaefer 
Brewing?  Co. 

Boiler  Works 

Potior  County: 

Abbot  Township 

Do.** 

Couderhport » 

HarriHon  Township »" 

Hebron" 

Hke  Township  » 


Do." 

Went  Branch  Township" 
Schuylkill  County: 

Plnegrove . .  .*. 

AMhland  (vicinity ; 

DelHUo 

East  Brookside 

Mahanov  City  (near) 

ShenaiinoHh  (near)  .. 

Towetaty 

Tremont 

Somerset  ('ounty: 

Elklirk 

Do 

Salisbury  Basin  " 

Wellersburg 

Township  unknown . . 


Depth. 


1.063 
1.702 
2.080 

3,4»1 

1.600 
950 

800 

500 


404 
660 
611 
1.000 
561 


600 
900 

600 
663 
600 
600 
670 
906 

466 

495 

8,081 

452 
1,000 

500 

526 
1,500 

500 


Diame-   Yield  per|  Height  of 
ter.        minute.       water. 


Remarks. 


InekeM.     GaUont. 


Pea. 






6  ! 
8  • 
6  - 

1 

250 
83  ; 

120  \ 

-8i6* 

i: ;:::;::'.::;.' 

200  . 

No  flow. 

» , 

180  ; 

1 
105 

No  flow. 
-  43 

2    .. 

1 
8    

For  oil  or  gas:  un 
Hve. 
Do. 

!  ForgaaoroU. 
I  Oil  well. 

Not  in  operation. 

3  wells:  pumped. 


ForoU; 


Water  stnto  at 
and  600  feet. 


10-« 
6 
6 
12^ 


160 
250 

600 ; 

260 


Pumped. 


-28  I  Onelss  below  260  f< 
ter  at  586  feet. 


10  ' 


2,600  ' 
160  ' 
100 
100 

eo 
no 

50 


2, 100  Oil  boring:  unauc* 

2, 029   Small  gas  well. 

2, 100   Small  gas  well. 

1,«95   ' 

l,28fi    Foroil. 

l.KiS For  oil  or  gas;  un 

tive. 

1, 500   For  oil  or  gas:  abai 

1. 750-2, 750   Fur  oil;  unsuccess 


450 
1.880 
515  ' 
585  I 
1.130 
538  , 
418  , 


8  Manv.  ,     No  fl(»\v. 

2  139  ,        Flows.  Temp.,  54°. 

2 Coal  prospect. 

s   Oil  well. 

2  Manv.  \        Flow.--.  Temp..  51°. 

8 Oil  well. 


Do. 


-fl.500  ' 

2.900  ' Foroil. 

678  I 

1,207  ' Good  water. 

C34  ' i 


»  Record,  Pa.  2d  Geol.  Surv.  Kept.,  Vol.  II.  pp. 
274-275. 

«lbid..  p.  275. 

» Ibid.,  Vol.  16.  pp.  229-230. 

*  Ibid.,  pp.  230-231. 

Mbid.,  \'ol.  l»,  p.419. 

•Ibid.,  p.  121. 

■  Record,  N.  J.  Geol.  8ur\'.  Rept.,  1900,  pp.  137- 


«  Record,  Pa.  Jd  (Jool.  Surv.  Ann.  Rep 
pp.  N5-86. 

»lbld.,  \m\,  i»art  2.  pp.  77.5-776. 
»oibld..  Vol.  G\  pp.  so-81. 
"  Ibid..  Vol.  (J *.  p.  7 


IM bid..  Vol.  I\  pp.  148-149. 
»-»Ibid.,  pp.  141»-150. 
"Ibid..  188.5.  np.  86-91. 


.  141»-I5 
88.5.  pp 
"Ibid.,  Vol.  1*,  pp.  146-147. 
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Location. 


rioga 
Ell 


County: 
kland... 


Depth. 


Feet. 


Diame-  Yield  per 
ter.        minute. 


Inches.      OaUons. 


QAiiies  oil  tield  a 

W^laboro 

Union  County: 

Foresthill 

Venango  County: 

Alleghany  Township*.. 

Black's  siding^ 


i,s45  : 

565-1,320 


Clinton  Township  *. . . 

Complanter  Townnhip  •. 

Com  planter  Township(? ) 

=  (  bluff  between   Pe-  i 

troleum    Center   and 

Pioneer). 

Corn  planter  Township . . 

Do 

Cranberry  Township 

Do.' 


Emelton  ( vicinity) » . 


480 

850  ' 

1,650 

836-1, 26<'. 
I 
451-924 
780-835 


551-802 

1,002-1.018 

450-600 

600-1,506 


Franklin  (one-half  mile 

northeast).* 
Franklin  (8  miles  Routh)  «> 

Jackson  Township  " 

Do 

Mineral  Township 

Do 

Oakland  Township  " 

Oil  City" 

Do.i* 

Oil  Creek  Townships*  . . . 

Do 

Petroleum  Center  ^« 


Do. 


Pinegrove  Township  "  . . 

Do." 

Pioneer  (vicinity) »» 


PI  thole  City»  , 


Pleasantville  (2i  miles 

northwest)." 
Pleasantville  (4*  miles 

poutheast}.** 
Pleasantville    (2    milen 

northeast).** 
Pleasantville  Bonmgh". 


Pleasantville 

Do 

Pleasantville  Corners. 

Pleasantville  (?) 

Plumer(?) 


720-1,000 

490 

3.880 

688 

583-688 


1,01^1,350 

640  ; 

1,070  I 

540-818 

902-1,000 

415-936 

500-900 

1,010 

1,869-2,060 

912-1.070 

437-980 

747 

415  , 

1,000  ; 

885 

693-1,044 

633-955 

1,020-1.050 

840-870  I 

607-620 

930 


1  Record.  Pa.  2d  Geol.  Surv.  Ann.  Rept..  Vol.  I», 
pp.  147-148;  U.S. Geol. Surv., 22d  Ann.  Kept..  1900- 
1901.  part  3,  pp.  583-584. 

»U.  S.  Geol.  Surv..  22d  Ann.  Kept.,  1900-1901. 
pp.  585-591. 

•■'Record,  Pa.  2d  Geo).  Surv.  Kept..  Vol.  P.  pp. 
58—59 

♦Ibid..  VoUI*.  pp.  184-1H.=S. 

*Ibid.,  Vol.  IT.  pp.  219--222. 

«Ibid.,  Vol.  I*,  pp.  5^51. 

^  Ibid.,  Vol.  II.  pp.  203-207.  210-214;  Vol.  I*,  pp. 

'Ibid.,  Vol.  II,  pp.  222-225. 
» Ibid.,  Vol.  I«.  p.  65. 

'«Ibid.,  Vol.  I»,  pp.  18r>-186:  W.  Va.  Geol.  Surv. 
Rept.,  vol.  1  (a),  19(M.  pp.  86-*^7. 
"Ibid.,  Vol.  II,  p.  201. 
"Ibid.,  p.  202. 
"Ibid.,  Vol.  Ill,  p.  416. 


Height  of 
water. 


Remarks. 


fM. 


I  For  oil  or  gM. 

I  Foroil  or  gas:  abandoned. 

I  90  wells  for  oil. 


Flows,  i  Sulphur  water. 


Flows. 


For  oil;  unproductive. 

3  wells. 

For  oil  or  gas;  unproduc- 
tive. 

Several  oil  wells;  mainly 
productive. 

For  oil  or  gas. 

4  wells. 


43  wells. 

3  wells. 

Several  wells. 

Numerous  oil  and  gas 
wells:  mainly  produc- 
tive. 

Numerous  oil  wells; 
malnlv  productive. 

Qoo(\  oil  well. 

For  oil  or  gas;  unproduc- 
tive. 
Oil  well. 
3  wells. 
5  wells. 
3  wells. 


Several  oil  wells. 

Do. 
22  wells. 

Numerous  oil  wells; 
mainly  productive. 

Several  oil  wells. 

For  oil. 

Numerous  oil  wells;  large 
production. 

For  oil  or  gas:  unproduc- 
tive. 

Oil  well. 

Gas  and  oil  well. 


Do. 

Numerous 

wells. 
66  wells. 
2  wells. 

Do. 

Do. 


oil    and    gas 


i<  Record,  Am.  Philo.s.  Soc.  Proc.,  vol.  16.  pp. 
4H2-487;  Pa.  2d  Geol.  Surv.  Rept.,  Vol.  II.  pp. 204- 
2a5. 

'^  Record,  Pa.  2d  Geo).  Surv.  Rept.,  Vol.  I*,  pp. 
53-54. 

!•*  Record.  Am.  Philos.  Soc.  Proc.  vol.  16,  pp. 
470-477. 

»'  Record.  Pa.  2(1  Geol.  Surv.  Rept.,  Vol.  P,  p. 
184. 

»«lDid..  Vol.  I*,  p.  64. 

»»  Ibid..  Vol.  II,  pp.  43-64;  Am.  Philo8.  Soc.  Proc.. 
vol.  16,  pp.  468-471. 

wibid..  Vol.  I*.  p.  179. 

2>  Ibid.,  p.  175. 


«  Record,  Am.  Philos.  Soc.  Proc..  vol.  16,  p.  497. 
54-55. 


23  Record,  Pa.  2d  Geol.  Surv.  Rept.,  Vol.  !♦,  pp. 


24  Ibid.,  Vol.  II,  pp.  9-34;  Vol.  Ill,  p.  420:  Vol.  I«. 
p.  56:  Am.  Philos.  Soc.  Proc.,  vol.  16,  pp.  43&-460. 
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DBBP  B0BIKQ8  IV  THB  XmrnBD  8TATB8. 
PENNSYIiVAKIA-Oontinoed. 


isw.m- 


Looatloo. 


Veiuuifo  Oonnty— ConVd. 
Plnmer  (1  mile  MMith)! 

PrMldeiit(neAr)* 

Raymlltcm* 

RAyinlltoii(neAr)4 

Reno* I 

Do i 

Richland  Townahip 

SooUaod  itetiOQ* 

Rockland  Township ^ ... 

Do :.....! 

Do 

Roiueville  (Ttoinity)«... 

(Salem  (vicinity)* 

Salinam 

Bandir  Cmek  TownihipM 

ScrnhgmiiTbwnahipl  I . 

Do 

ShambniiKi* 

Sooar  Creek  TOwuliip  m 

BolphorRani* 

ntSViUeM 


ViotoiT  Townihip 

Townuiip  unknown ... . 

Do..:. 

Warren  County: 

Cherry   Qroye  Town- 

Rhipu 
Colorado  district . 


Depth. 


464 

1,SW 
8n-l,410 
84&-l,410 

1,090 

706-030 

701 

60IK-1,100 

1,004 

1,660 


962-1,200 

1,020 

702 

1,410 

720-740 

1,100 

647-672 


Corydon  Township. 
Deerfleld  Townsliip 

Do :. ' 

Dennis  Run  M 

Eldred  Township  ^t I 

Do ' 

Do 

ElkTownnhipw 

Blrod  Township  »• 

Enterprlfle" 

Enterprise  (vicinity) «. . 
Fagrundas  Township ' 

Do I 

Oilsoii  Run ' 

Grand  Valley  (4  miles  < 

south). 
Klnsua  Township  •« 

Limestone  Township 

Do 

LottsvilleM 


Neilltown  Township  (7)  . 
North  Warren  (near) •* . . 


026-1,860 
688-066 

8,680 

44^480 

1,016 

1,648-2,004 

661-822 

720 

64IM(90 

484-887 

426-682 

416-181 

668-014 

420-1,250 

1,600 

588-914 

474-487 

462-800 

618-760 

808 

Ml 

789 

1,048-2,286  1. 

1 

481-748  1. 

1,005  ,. 

960-1,615  j. 

1,000  i. 
47fv-965    . 


Diame- 
ter.   . 


Yield 
mini 


Do.« 1,200-1,400; 


Do« 1,886, 

Plnegrove  Township  «  . .       750-1, 880  | 

Pittafleld  (township) "  . .  747 


Iper 
LQte. 


OaBon». 


Height  of 
water. 


Bca^rio. 


.  Fordl 

.,  Nomei,.^^ 

.<  Sereialallarna 

.:  Bereiml  oil  wttua 

.  For  oil;  aniHodneltvc. 

.i4wel]t. 

.;  Foroll;  abandoned. 

.  Nomeroat  oil  wellL 


8-61 


8-61 


8}-6| 


I 

»  Record  Pa.  2d  Geol.  8urv.  Kept.,  Vol.  I*,  p.  180. 

«Ibld.,  pp.  180-181. 

•Ibid.,  Vol.  I»,  pp.  181-188;  Vol.  !♦,  p.  68;  Vol. 
UI.  pp.  410-420. 

<Ibld..  Vol.  I«.  pp.  68-69. 

»Ibid.,  Vol.  II.  pp.  208-210. 

•Ibid.,  Vol.  II,  p.  207. 

» Ibid.,  pp.  21.V218. 

•Ibid..  Amer.  Phllos.  8«k».  Proc.,  vol.  16,  pp.  477- 
486. 

•Record,  Pa.  2(1  Geol.  Sur\-.  Rcpt..  Vol.  II,  pp. 
206-206. 

ioit>id.,  p.  201. 

"  Ibid.,  pp.  84-42:  Am.  Philos.  8oc.  Proc..  vol.  16, 
pp.  460-468. 

"Ibid.,  Vol.  II.  pp.  200-201. 

MlWd..  Vol.  I»,  pp.  182-188. 

"Ibid.,  Vol.  IS  p.  66. 


Do. 
Sereral  oil  or  gas  welk 


oUwell. 

4wel]i^ 

Nmnemn  oil  wdhL 
2  oU  wella;  1  abandoned. 
2oll  walla. 

Nnmerona   oil  and  gi» 
wells. 

46wella 


Several  oil  and  gas  wells; 

some  unprodnetiye. 
17  weUi. 
For  oil. 
2  wells. 

Seyeial  wells;  for  oil. 
Seyeral  oil  and  gas  wells. 
Oil  and  gat  weUe. 
2wella. 

Many  wells:  for  oil. 
For  oil;  abandoned. 
For  oil  or  gas. 
Seyeral  ollwella. 

Do. 
4  wells. 


For  oil;  freah  water  at  65 

feet. 
Several  oil  wells;  mainly 

unproductive. 
8  wells. 

'  2  oil  or  gas  wells;  aban- 
doned. 

!  Numerous  gas  and  oil 
wells;  some  unproduc- 
tive. 

Several  oil  and  gas  wells: 
unproductive. 

For  oil:  abandoned. 

Several  oil  and  gas  wells: 
small  production. 

For  oil  or  gas;  unproduc- 
tive. 

"Ibid.,  pp.  26-27.  375-876. 

"Record.  Am.  Philos.  Kik;.  Proc.,  vol.  16.  pp. 
367-370. 

"  Record,  I'a.  2(1  Geol.  Surv.  Rept,  Vol.  I«  pp. 
52-63. 


»"  Ibid.,  p.  30. 
>«Ibld.,Vol.II,pp.  195-19H. 
«>Ibld.,pp.  C&-66. 


.,  pp 

«  Record,  Am.  Philos.  Soc.  Proc.,  vol.  16,  pp. 
367-369. 

"Record,  Pa.  2d  Geol.  Surv.  Rept.,  Vol.  I*  pp. 
27-29 

"Ibid.,  Vol.  P.  pp.  282-'233. 

•«IbId..Vol.I«.  pp.  10-15. 

«»Ibld.,pp.  ll-i;i. 

••Ibid.,  p.  12. 

"Ibid.,  Vol.  I*,  pp.  16-18. 

•Ibid.,  Vol.  II,  p.  196. 
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PENNSYIiVANIA-Continued. 


Location. 


Warren  Coanty— Cont'd. 
Pittsfield  (townjihip)  i . . . 

Pletaant  Township  * 


Do.» 

Sheffield  (Tieinity)«. 
Do.» 


Do 

Do.* 

Sheffield  Township »  — 

Spring  Creek  Township  * 

Do 


Sontbwest  Township*... 
Stoneham  (vicinity)  •». . . 
Tidloute  (vicinity) "  . . . . 


Do 

Triumph" 

Triumph  (vicinity) "..., 
Triumph  Township  »♦..., 

Do.»» 


Do 

Warren  (near) ". 


Warren  Townships?) . . 
Watmn  Townshin  " 


Wataon  Township 


Wrightoville    (1   mile 
northeast)." 
^•^•ar   Warren-McKean 
County  line, 
"ashington  County: 

Allen  Towns!) ip  '• , 

Amwell  Township* 


Depth. 


FM. 
1.500 

1.5K6 

818-000 
1.646 
1.566? 


961-1.200 
.435-2.016 


484 

500-1,660 

1,025-1.600 

408-715 


+472  ' 

73^816  1 

2.464-2,700  ; 

806-908 

643-961 
581-1.065 


2,pl6  I 
1.986  ! 


Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Tnchri.      QatUm$. 

Peei. 

8-6| 

i 



■ 

1 

' 

1 

Remarks. 


For  oil  or  gas;  uniccww 
ful. 

For  oil  or  gas:  unproduc- 
tive. 

Several  small  oil  wella. 

Good  cas  well. 

For  oil  or  gas;  unsoccea»- 
ful. 

Fbroil  or  gas;  abandoned. 

For  oil  or  gas. 

Numerous  oil  and  gas 
wells. 

Several  oil  and  gas  welln; 
small  production. 

For  oil;  freah  water  flowed 
10  gallons  a  minute  at 
198  feet;  oil  and  gas 
fltrata  at  224  and  468  feet; 
abandoned. 

Numerous  oil  and  gas 
wells. 

Several  oil  and  gas  wells; 
mostly  productive. 

Numerous  oil  and  gas 
wells;  none  large  pro- 
ducers, and  many  aban- 
doned. 

For  oil;  unsuocemiful. 

Several  oil  wella. 

For  oil  or  gan;  unsuccess- 
ful. 

Numerous  oil  and  gas 
wells. 

18  welhi. 

Numerous  oil  and  gas 
welln;  some  good  pro- 
ducers. 

For  oil  or  gas;  unproduc- 
tive. 


1.200 ^ j  Abandoned  as  dry  hole. 

2.254   


Do. 
Do.. 


•i 


Beallsville  (one-half  ! 

mile  east).*! 
Beallsville  (10  miles 

west)." 

Buffalo  Township 

Do 

CaoDonsburg  (  v  i  o  i  n  • 

ity).3 


2.060   ' Gaswell. 

2, 385   ■  For  oil  or  gas;  unproduc- 
tive. 

2.390   (las. 

460-602    1 :  8wells. 

3,200  I         10-4 ; 


2,774  I 
510  I 


2,350-2.760   i  21  wellii:  Home  oil  and  gas. 

1,763-2,502  ' ,  NumerouM    oil    and    gas 

wc'llw;   wime  unproduc- 
tive'. 

2. 727    '  For  oil  or  gas. 

2,068    1  Gas  well. 

1.977    !  I)o. 

Carroll  Township |  .^'Jj"^  | |2KaswellM. 


Canton  Township**  . 

Do 

Do. 


^Record.  Pa. 2d Geol.Sur\-.  Kept.,  Vol.  II.  p.  197. 

'Ibid.,  Vol.  I*,  p.  174. 

»Ibid..  Vol.  !♦,  p.  19. 

♦Ibid..pp.  23,  379-390. 

Mbid..pp.24,  38C-381. 

•Ibid..  Vol.  II.  pp.  lW-195. 

Mbld..  pp.  19S-194:  Vol.  I*,  pp.  24-2ii:  Vol.  I', 
pp.  174-175:  1886.  part  2.  pp.  698-700. 

•Ibid.,  Vol.  I*,  pp.  25(^-263. 
^  Mbld..  pp.  49-62:  Vol.  I».  p.  85ft:  Am.  I'hilo*..  i^ti-. 
TrMi»..vol.  16.  pp.  346-367. 

»lbid.,pp.  20-23. 
,  "Ibid.,  pp.  81-48:  Am.  Phlki»i.  .S^x-.  Pro*.,  vol. 
^^- PP.  372-374. 

''RecOTd,  Am.  Philoa.  Soc.  Proc..  vol.  16.  p.  4W. 


>*Ibld..  pp.  370-372. 
•*  Record,  Pa.  2d  Gwil.  Hurv.  It<*pt.. 
2W-283. 
'Mbld.,  Vol.  l^  pp.  173-174;  Vol.  V, 
••Ibid..  Vol.  I«.  pp.  1-9. 
"  Ibid.,  p.  20. 


Vol.  I«,  pp. 
PI*.  283-286. 


>Mbld.,  p.  236. 
•Mbld..  Vol.  I». 


.  3U1-302. 


»'Ibld.,  op.  307-m' 

^  fUM'oro.,  et^r.,  W.  Va.  Geol.  Hurv.  liirpt..  vol. 
Wh).  19r>4.  pp.  116-119. 

a  Ibid.,  p.  121. 

»Rei*ord.  Pa.  2d  Geol.  Mirv.  R^-pt..  Vol.  I».  pp. 
2H1-297. 

««lbld..  pp./79-2J«. 
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PENNSYLVANIA— Continued. 


[SHU  lA 


Loi>ation. 


WashingUm  County— Cont'd.. 
iUn.m  Township 

Charlerol  (southwest  of ) . , 

Cross  Creek  Township. . . 

Donegal  Township 

East  Bethlehem  Town-  i 

ship.1 
EaKt  Bethlehem  Town-  ', 

Mhip  (and  vicinity),  i 
East  Pike  Ron  Townihips- 
Fallowfield    Township  > 

(southeast  comer).*  . 
Franklin  Township < ..... 
Good   Intent  (2*  miles  I 

southwest).* 

Hickory , 

Hickory  (2ft  mUes south-  ' 

west).«  I 

Hickory  (2  miles  south- 

east).'  ! 


Depth. 


2,247 
f      2,0(t0tO 

4,808 

8,200 

604 

2,017-8,180 

1,960 
1,960 

2,606 
2,720 


Diame-  !  Yield  per   Height  of 


minui 


n 


■I- 


water.     t 


Remarks. 


Ineht*.   ,  OaUon$. 


Fed, 


.   Brine. 
I/Several  wells;  for  oO  or 

;jt  ««. 

Unprodoctire. 
ill 


.1  Salt  well: 

.,  14  wells:  principally  !■ 

.   Gas  well. 
Da 


Hickory  (vicinity)*.... 

Hopewell  Township 

Uttle  Washington 

Lock  No.  8 

McDonald* 

Monongahela  '^ 

Morris  Township 

Do 

Mount  Pleasant  Town- 

""IS; 

North  Stmbanc  Town- 
ship. 

South  Strabane  Town- 
ship.i) 

Taylorstown  « 

Thomas  (near) 


2,245 

2,206 

700-1.151 
3,455 


2,495 

2,842 

2,152-2,218 

506-919 

2,822 

700 

1,060-2.245 
l.HOO 


.1  Forollorgas; 

.   For  oil  or  gas;  unpiQd» 
I     tive. 
.   Gas  well. 
.1  Large  gas  well. 

.,  Large  flow  of  gas. 

. '  Several  laise  gas  welli. 
.'  Unproductive. 
.'  2  gas  wells. 
.'  Gas  well. 

Do. 
.  I  Gas  wells. 
.  5  wells:  1  gas,  2  oil. 

.   Gas  well. 

.  4  wells;  1  gas. 
.   Small  gas  well. 


2.410-2,608 Ga.1  wells. 


Venice  (1    mile  north- 
west)." 


WHshhiKtoii  '< 

WiushiiiKton  (iifar)  '-"^ 

WeKi  Alexander  {,i  raiU'M 
west)."* 

West  Amity  Station 
(near).'' 

West  Bethlehem  Town- 
ship. 

Do 


2.350-2,760  I 
2,275  I 


2,247  I 


Several  k««  and  oil  wells. 

13-61, For  oil:  water  at  80  and 

1.0R2  feet:  gas  at  1,2s5 
feet. 
7i-6| For  oil  or  gas:  unsuccess- 
ful. 

2, 2K->-2,599  ' Several  oil  and  gas  well!*. 

1. 977-2, 4J0    Do. 

8, 200  I For  oil  or  gas:  unproduc- 
tive. 
+2, 390  I Gas  well. 


490 


Do. 


\Ve«l  Finley  Township., 

WestMiddlelowni" 

Wej*t  Hke  Run  Town- 
ship. 
Woonrow  (near) '». 


2!^   } ,2gaH  wells. 

3.013    

2,720  ' Unproductive. 

S,AS^  Foroil  orgas;  abandoned. 

2,  H06    


-u4, 303    Gas  well. 

Township  unknown 1. 763-1, 998    .'>  wells;  3  gas. 

Do 2,a54-2.4.'>«    13  wells;  3  gas.  1  oil. 

Do '  2..'>02-2,9<)0   3  wells;  2  dry. 

Wayne  County: 

Forest  City ('<»al  prospect. 


Ilonesdale  ( 5miles  fnnn ) 
Honesclale  (6  miles 
north).*' 
Wt»stnioreland  County: 

.\llegheny  Townships' .. 


2,  .TOO   2  oil  w  ells;  abandoned. 

1,  .T(W>   For  oil. 

1,250-2.847    Foroil  orgas;  mostly  un- 

'  pHMluetive. 


>  Record,  Pa.  2d  rJeol.  Siirv.  Rept.,  Vol.  K.  pp. 
178-179. 

«lbid..  Vol.  P,  pp.  302-303. 

'Record,  V.  S.  Geol.  Surv.  Folio  94.  pp.  17-18. 

♦  Reeord.  Pa.  2d  (Jeol.  Surv.  Rept.,  Vol.  !■•,  p.  279. 

ft  Ibid.,  pp.  305-:i06. 

•Ibid..  1886,  part  2,  pp.  754-766. 

"Ibid.,  pp.  7f>9-772. 

"Ibid.,  pp.  758-7ri0;  Am.  Phlloe.  Soc.  Proe..  vol. 
16.  p.  489. 

'•Record,  W.  Va.  Geol.  Surv.  Rept.,  vol.  1, 1889. 
pp.  214-280. 

wpa.  2d  Geol.  Surv.  Rept..  Vol.  I».  p.  301. 


"  Record,  ibid.,  p.  J-M). 
•Mbid.,  pp.  298-299. 
"Ibid..  18Ni.  part  2.  pp.  7.'>»-760. 
'Mbid..  pp.  7(>4-7«7. 

»51bid..  pp.  7rjO-7(ii»;  W.  Va.  (Jeol.  Surv.  Rept., 
vol.  1(a).  1904.  p.  120. 
>6Ibid..  Vol.  I-',  pp.  301-31.^ 


'Ibid.,  p.  307. 
»«»lbid..  1S8«}.  part  2, 


pp.  756-7.'>8. 


'''Ibid..  ])p.  7.'>.'>-756. 

»Ibid.,  Vol.  G«,  pp.  91-93. 

«  Ibid.,  Vol.  I»,  pp.  211-215;  Vol.  II,  pp.  277-278. 
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LcM^ation. 


*  ^•>tmoreland  Cx)unty— Con. 

Bell  Township 

I>o 

I>o 

Blairsvllle' 

Burrell  Township* 

I)o.3 

Do 

Carpenters   station 

tnear).-* 
<*o4»kvine   (north  and 

we?«t). 
IHrry  Township 

Do 


Depth. 


Fret. 

1,H78 

'l,WJb 
2.060 
'2,i500 
1,850 
2.060 
l.Ml 


Diame-    Yield  per    Height  of 
ter.        minute,  i     watei^* 


Remarks. 


Inches.      OaUon*. 


Fret. 


Ea.<  Huntingdon  Town- 
Hhip. 

Franklin  Township 

Gibson  ton  (three-fourths 

mile  north),* 
Hemprteld  Township «.. . 

Irwin 

Do.' 

l^trobe* 

Uiwer  BurrellTownship. 
Loyalhanna  Township.. 

Do 

Mount  Pleasant  Town- 

•»hip. 
Murrysville* 

Murrysville  (vicinity) >o. 
North   Huntingdon 

Township. 
North    Washington 

Township. 

Oakland  Cn>8s  Roads 

Pennsylvania    Town-  1 

ship." 

Do.>2 

Pleasant  Unity  (2i  miles  ; 

north  we.««t).  ••»  , 

Reagan  town  (soutnof ) " 

Rfwiraver  Township 

S«.'vvifkley  Township 

Webster   Township 

(northeast,  east,  and 

southi'a*it ). 
Ttirentumdi  miles  south 

east). 

rniiy  Township 

I'piH'r  Burrell  Township. 
Waltz  Mill  (near)  >» 

Washington  Town.ihip"* 

Do 

Township  unknown 

Dn 

Wyoming  County: 

I^ivelion  (near) 

York  County: 

Manohesler '' 

Mi«»<*ellane<.>us: 

Allegheny  River 

B<jvd«»town  Township  . . . 

Knlalia  Township 

<; rimes  To wn.ship 

H(H)ks  Run 

West  Hickory  Creek 

Do 

Do 

Do 


Cnproductlve. 

Gas. 

Foroilorgas;  abandoned. 

Do. 
Gas. 
For  oil  or  gas. 

Several  wells;  for  oil  or 

gas. 
2  wells:  brine. 

2  wells. 

Unproductive. 


10  gas  wells. 
Gas  well. 

Do. 

For  oil  or  gas:  unproduc- 
tive. 
For  oil  or  gas. 
10  wells:  H  g&n. 


1.960-2,170 

4."iO-521 
r  l.Olft   I 

1  2..')02  :/ 

2,070  ,. 

1,312-1.460  1. 
2.633    . 

1,2.'>5  . 
4,380  . 
2,340    . 

1,980  . 

1.56.V2.H96  .    . 

1.765  Unproductive. 

2. 180-2, 216  2  wells:  1  gas. 

844  (ia»»  well. 

1.337-1.440    Numerous    oil    and    gaa 

I  wells. 

1,312-1.465   Large  oil  field. 

2,840  I Unproductive. 

1,606-1,791 Sgaswells. 

1,742-1,787   2wells. 

2. 495   1 1  Large  gas  well. 

1,580-1,690   Severallarge  gas  wells. 

650   1  For  oil  or  gas:  unproduc- 
tive. 

2,070    Do. 

2.662-2.803    

1.769-3.150   2  unproductive  wells. 

1.93.V2.250    Many  wells:    for  oil  and 

gas. 

' Foroilorgas:  abandoned. 

650  1 ! i  Unproductive. 

2, 3(r2-2, 500  ;  3  weils:  2  gas. 

1,769-;}.  151  1 2  l>orings  for  oil  or  gas; 

unprodut.'tivc. 

1, 301-1. 6;W ! '  Gas  wells. 

1. 501  -2, 250 11  wells;  8  gas. 

755 
2, 6<>:} 


Deep  well. 

1 .  .'I'jo  For  oi  1  or  giLs. 

4<»:?  

1.210  

2.  KX)  

1.:{J5  

1.  IJd  

j(X)-«;:{j  2  wells. 

2. 525-2.  WX)  I  5  wells;  1  gas. 

:^.  ()2()  

7(.()->«;'J 3  wells;  2  gas. 


1  Re<-onl,  Pa.  2d  Geol.  Surv.  Kept..  Vol.  I\  pp.  ^Ibld.. 

!24-"225.  "'Ibid.. 

-Ibid.,  pp.  212-213.  "  Ibid.. 

» Ibid..  18M6,  part  2.  pp.  »VS4My<7.  '-  Ibid., 

4 Ibid.,  pp.  725-726.  "Ibid.. 

4  Re<'ord.  U.  8.  Geol.  .-^urv.  F(»lio  N<».  94.  p.  IH.  "  Ibid., 

«  Record.  Pa.  2d  Geol.  Surv.  Kept..  Vol.  I*,  p.  '22:^  i*  Ibid.. 

-  Ibid.,  pp.  221-222.  »«  Ibid.. 

'  Ibid.,  pp.  223-224.  "  Ibid.. 


p|..  2I5-21J*. 
1H.H«K  jmrl  2,  pp 


Vol.  U,  pp.  2l9-'220. 
pp.  218-219;  1886.  pi 
Vol.  II,  pp.  280-281 


673-674.  721-724. 


..  218-219;  1886.  part  2,  pp.  724-725 


Vol.  I*,  pp.  227-228. 
pp.  225-227. 

1M8«'>,  imri  2.  pp.  726-730. 
Vol.  ll.  pp.  278-279. 
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[xalA 


LocaUon. 

Depth. 

Went  Hickory  Creek 

Do 

1,040-1,460 
1M6-1W0 
2,000-2,406 
2,666-8,S76 
1,826-1,476 
1.801-1,686 

Do 

Do 

Do 

Do 

Diame- 
ter. 


Intiket, 


Yield  per 
minute. 


QqUom, 


Heifhtof 
water. 


Art. 


14  wella:  6 
19  welb;  6 
Twellt:  1 
2  wells:  1 
8  wells;  2 
8  wells;  4 


«as:  loU. 
jas;loil. 
gas:  Idry. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  PENNSYLVANIA. 

Oil  well  records,  selected  from  ttie  collections  of  Mr.  J.  F.  ORrll,  by  J.  P.  LeBlejr: 
American  Philosophical  Society  Proceedings,  volame  16,  pages  846-380,  Philadel- 
phia, 1877. 

On  the  first  systematic  collection  and  discussion  of  the  Venango  Ck>anty  oil  weliiof 
western  Pennsylvania,  by  K  8.  Nettleton,  prepared  for  publication  by  J.  F.  Gull: 
American  Philosophical  Society  Proceedings,  Nos.  97-99,  for  1876-1877,  volimie  10, 
pages  429-495,  Philadelphia,  1877. 

Oil  well  records  and  levels,  by  J.  F.  Carll:  Pennsylvania  Second  (ieological  Survey, 
Report  of  Progress,  1876-1877,  Volume  II,  398  psges,  Harrisbui^,  1877. 

The  geology  of  the  oil  regions  of  Warren,  Venango,  Clarion,  and  Butler  counties, 
by  J.  F.  Carll:  Pennsylvania  Second  Geological  Survey,  Report  for  1875-1879,  Volume 
III,  482  pages,  Harrisbuiig,  1880. 

The  geology  of  Erie  and  Crawford  counties,  by  I.  C.  White:  Pennsylvania  Secoiid 
Geological  Survey,  Report  of  Progress,  1879,  Volume  QQQQ,  406  pages,  Harrisbai|(, 
1881. 

Geological  report  on  Warren  County  and  neighboring;^  oil  regions,  by  J.  F.  Carll: 
Pennsylvania  Second  Geological  Survey,  Report  for  1880-1883,  Volume  I*,  439 
pages,  Harrisburg,  1883. 

O.  S.  C.  Carter,  artenian  water  Hupplien  for  Philadelphia:  Franklin  Institute  Jour- 
nal, 1898,  volume  135,  page  58;  volume  13«,  pages  230-2:»,  298-305. 

United  States  Geological  8ur>»ey  Folio  No.  82,  1902,  by  M.  R.  Campbell. 

United  States  Geologit-al  Survey  Folio  No.  94,  1903,  by  M.  R.  Campbell. 

(raineHoil  field  of  northern  Pennsylvania,  by  M.  L.  Fuller:  Twenty-second  Annual 
Report  of  the  United  State*?  Geological  Survey,  1900-1901,  i>age8  579-627. 

RHODE   ISLAND. 


LcK'ation. 

Kent  County: 

Warwick 

Newport  County. 

FortGreble 

Providence  County: 

Arlinffion 

Proviaence 

Do 

Saylcuvilie 


.  I 


Deoth          Diame-    Yield  per  Height  of  1                Remarks 

Feci        I    Inchrtt.   '  (iallous  Fat        \ 

602                8             120  '  No  flow.  ,  Hard  water. 

I                 I  I 

762  ' I I (lood  8Upply  of  water. 

402  '             M  :' I  -      :w  1 

400                  6  J              H5  '  No  flow.  , 

460                  6  1            110  '  Nt»  flow. 

1,436    1             15  1  No  flow.      .Abandoned. 


SOUTH  CAROLINA. 


Abbeville  Countv:  i 

Abbeville ho\  Mi  hO 

Greenwood i  400  M    ,  40 

Aiken  County:  , 

Aiken» '  55«  ,         H-6  fiO 

Barnwell  County:  ,  j 

Bambeigs 470-IW5  1       l!-2    i       3-^40  I 

» Record.  U.  S.  Geol.  Surv.  Bull  No.  138.  p.  220. 


4  I 

1 
-     170  I  In  granite. 

+  12-30  I  Sevonil  wells. 
«Ibid..  p.  221, 
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Location. 


Depth. 


Beaufort  County: 

Beaufort! 

Maytt  River  Neck 

Charleston  County: 

Charleston* 

Do.» 

Do 

Do 

Do 

Do 

Charleston  (vicinity)  < 

Charleston 

Johns  Island 

Che*»ter  County: 

Cheater 

Do 

Colleton  Count v: 

Green  Pond 

Jacksonhoro 

Waltcrboro 

Florence  County: 

Florence* 


Do 

Georgetown  County: 

Georgretown 

Hampton  County: 

Hampton 

Do 

Peoples 

Vamville 

Kershaw  County: 

Camden 

I^urens  County: 

Sulli vans  Island  . 
Marion  County: 

Marion 

Dranffeburg  County: 

Orangeburg  • 


Feei. 


Flows. 


Temp.,  W.50. 

Saline  water;  temp.,  87^. 

Temp.,  99P. 

Do! 
Do. 
Several  wells. 

Temp.,  70°. 

In  granite:  unsuccessful. 
Unsuccessful. 

Temp.,  70°. 
Temp.,  72°. 
Soft  water. 

Lowest  water  at  1,215  to 

1.220  feet. 
Fine  water. 


Soft,  irony  water. 
Temp.,  76°. 


» Analysis,  T.  S.  Geol.  Surv.  Bull.  No.  138,  p.  220. 

'Record,  Artesian  Wells  Report  of  Scientific 
Committee:  Municipal  Rept.  Charleston,  1881, 
pp.  3-4.  plate. 


Pumped  at  300  feet. 


•  Analysis,  U.  8.  Geol.  Surv.  Bull.  No.  138.  p.  212. 

•  Ibid.,  pp.  214-216. 

•  Record  and  analysis,  ibid.,  218-219. 

•  Recoid,  ibid.,  p.  220. 


PUBLICATIONS    RELATING   TO    DEEP    BORINGS    IN    SOUTH 

CAROLINA. 

Artesian  wells  report  of  scientific  committee,  etc.:  Municipal  Report  of  the  City 
of  Charleston,  S.  C,  1881,  61  pages,  plates,  Charleston,  1882. 

Artesian  well  prospects  in  the  Atlantic  Costal  Plain  region,  by  N.  II.  Darton:  V.  S. 
Geological  Survey  Bulletin  No.  138,  232  pages,  plates,  Washington,  189(i. 

SOUTH  I>AK<>TA. 


Lo<>ation. 


Aurora  County: 

T.lOl.R.frl.see.l 

T.lOl.R.W.sei'.a 

T.101,R.64.sec.« 

T.101,R.W,8ec.l7 

T.  102.  R.  63,  sec.  10 

I>o.» 

T.  102,  R.  63.  sec.  11 

Crystal  Lake  Township, 

Rec.  17. 
l.ia2.R.64,sec.l9 

l>o 

T.  102,  R.  64,  sec.  29 

T.  102,  R.  65.  sec.  2^ 

T.102,R.66,j»ec.7 

T.  102,  R.  66,  sec.  17 

IRK  149—05 9 


Ih'plhs. 


613 

4a\ 


Diam- 
eter 


Frtt  Inchf.ti. 

♦WO      

NX)  2 

9(i()  2 

r>;i«i  


Yield  per    pressure 


f.fallonn.       Ptmndtt. 


nO 
:iO 
M) 


^-^0 

■ii 

80(> 

3-2 

^00 

3-2 

600 

2 

795 

2 

HOO 

2 

83;') 

4i 

40 
40 

120  • 
400  I 


5.) 


Remark*". 
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SOUTH  DAK<>TA-€ontmue4 


LOCttlOQ. 


Deptbi. 


YleM  per' 
minute 


Pntflmre. 


RemmrkfL. 


Auponi  Coftntj— Ccmtlnuwl. 

tioiitbeAal  or  Plftnktn- 

ion. 

T.I(H,E.a,««c,l 

T.US,R.O,iee.8 

T.]0S,R,a8,in.l 

T.laS,lL«,Ke.lO.. 

T.10B,R,A3,Hc.^ 

T.lOS,R.(^iCC.». 

T,lW.lt,a.fl^.2fii 

T.lOft,R.fl8,9BC,S&. ...... 

Do,,,-,.,,-.-....... 

(?)-...- 

atjroIPIftnlOiiloil 


plankltitoii     TovDihtp 

T,ias^k«4«iee.2r 

T.lQ»,iLH«cc.3l> 

TaOB,R-A&.iee.ai 

T,iatt,  »,«,•«.  11  ..„„. 

T.KNlH.aeviec.M. 

While  Uke 

White  Lake   (71  mlln 

White  Lakfj   (lo  miles 
noTthwnt). 

T.l<M.R>ea.Bec.i  .„ 

T.10l,R.a»eec.;£  ........ 

T.ltM,  H  «»piec.S 

T.104,li.  6a.  IK0.10. ...... 

TJCH,R^6SpSec.],V.. 

T.HH.R.OS^iSLt;,  17 

T.lOiHR.fiS.fiec.aO 

T.l(M.R,*W.i«et;.2l 

T.l*>l,ii.ti3,M'r.!£!' 

T.  luJ.lt,  ii;i,eec".;!fi 

T.n>^,H.o:^,M1^alS 

T.UM.K.Ol»f*ec.:W  ....*.. 

IKi. 

T.101,R.rtr».H^.a8  .* 

T.  W^.  H.i)ll.MH'.2 

T.11M.  K.*iii,MH-.a 

T.  KfcV.  K.  ti;i,  sov.  -^ 

T.io^.  R.iia.Mfc.a ... 

T.lti\it>«J3.wcv'Ji  ....... 

Ih. 

T.  la^.  R.  63,  wc.  '2t\ 

T.  lU\R.r.8,sw.2H 

T.lOJS.R.tK^HtT.So 

l)o.=« 

T.10f),R.fr4.s»r.2 

T.  105,  K.  04,  HI'.  2-2 

T.105,R.«i,8ec.2l 

T.105,R.r.ti,wc.32 

Beadle  County: 

T.lOtf.R.Cl 

T.109,R.«2 

T.109.R.6;J 

T.109,R.rt4 

T.110.R.59 

Do 

T.iio.R.eo 


T.llO.R.f.l 

I)o 

Do 

T.110.R.O2 

Do.* 

T.110.R.G3 

T.110.R.rhl 

T.110,R.fA 

T.111,R.59 


FM. 


706 


AOO 
7M 

470 

830,140 

4ao 

420 

Tie 

4U 
ft07 
MO 


77i 
7W 


842 
Bm 
»14 

918 
74D 


MO 
5«0 

-126  ' 

nOO 
M.i 
72?* 
^14 

4-n 
4U0 

4H7 
nOO 
475,  490 
508.  500  ■ 
(V20 
760 
640  , 
5«'»3 

1.2-22  ' 
I 
670  ' 
782-916 
»0I>-S56  ' 
830,910  ' 
748, 7:W  I 

857 
746-930 

879 
742 
900 

T92  804 
784-1.139 

812-870 
847 

86.3-910 

925.940  I 


incAef. 


GalkmM. 


PttundM. 




> 

100 



2 
2 

4 

+12 

10 

" ) '-" 

2 

10 
300 

S 

3-2 

4-^ 

2  I 

^1 


30 
W-225 


200 


1 


2* 
2 

3-li 


1,300 


ISO ; 


■'1- 


4i-a 


KiO  , 


M 
5 


A5 


:ttO 


The  sao^foot  well  Iw 
pare  of  HI  ponndi. 


WhReUkeatTYflt 

WhltelnkeCttrwt" 


35 
FlnwK. 


yiuwa. 


45 


i 

:r2  . 

1 

1                 •  . 

,                     , 

, 

2 
3 

(M)    . 

li 

U-9I 
li 

20-250 

Maiiv,     . 

45    . 

;W,6   . 

.'»o  . 

;i5, 9:10 

1.50-2W) 

:w  . 

130. 5(M) 
50    . 
350-2, 2:10 

2<i-:{0  . 

100 
31-;.0    . 
.^)0.20  '. 

125 

1) 

2.1i 

2 

U-i 

2 
2,3 

ill 

2 

iuV 

(•.()-l(H> 

iJ5' 

li 
2 

» Record.  U.  8.  Geol.  Surv.,  18th  Ann.  Rept . 
part  4.  pi.  40. 
"Ibid.,  Mitchell  folio  No.  99,  p.  8. 


I'ro'isiire  given  is  f( 
y:X)-f«»ot  well. 


2  wells. 

Huron  town  wells. 


Mbid..p  2. 

*V.  8.  (ieol.  Surv..  17lh  Ann.  Rept.,  part 
22-23. 
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ioti. 


-Conttnned. 


utf: 


Liy: 


757-flae 

7M-8:T0 

7TJ 

B70 

77B*(J17 

7S0-!>5a 

eoi-*70 

000 

sa2,*io 

710^10 
775-tH.^ 

!}^ 

f*oo-m 

7ffJ'lJlK 

630^^*50 

73V1,000 

ft7*^>45 
&S2-75J 

B«7,fiii7 

7BO-M2J* 

h90,f»^ 
fV90-7«0 

^m 


vtio 

1*07»> 
*Wtf-lt0ix> 

l*2iJ-li>77 


918-1.117 
1 .  2U) 

i,:^> 

1.  30I 
1, 070-1,  ir.T 
H42  ' 


ter.      I  minyte. ,  ^'^"'^ 


I:, 

u^ 
us  I 

I 

IM  I 

11 

IJ] 

U.J* 

'2  i 

2  ' 

21 1 
11 

U 

2  i 


as-in  . 

4^-100    . 
330  I 

:!6-40    . 
400^*00  I 
40 

35  I. 
Kv-600  I 
'25-2J0  I 

i^'jm  I 

40  L 
40  I. 

'J&-I25  I. 

SO-IL'On 

WO 

wo  \ 
ao-Ao 

1.260 
20-1,  iVi 

R 


Poundt, 


m 


120 


12ft7 


(?l.ll& 


IDO 


3 


U-8 

a-6 


2.3 
2.41 

I 


UVIOO 

70O 

K-iO 

f    i.-ioo 

!     i.floo 

IMOO 

IS-IU) 

75J,O0U 

i 

26-#7 
Few. 


41   >:(.*vtfnil. 


45 

40-66 


12-U 

C2.5* 

'40 


30 
21 


RenuLrlu. 


Woliey  w^l. 


Preiiure  «f e  w  to  ocl  y  onii 


^b-^ 


Illtcbcoct  well. 

One  HnVptrynd  pmreure* 


30  pounds  preisu  re  In  SUb- 
foot  well. 

gprlnfffleld  city  well. 

Cbotemu  Creek  vitlta. 

40  poand^  jpranure  in  75^- 

Oty  ot  Tyntlftll. 

L«ivsf.m  well. 

VieM  det:rt*a*»^  to  .'KJ. 

Stt^cillniid  v«nn. 

At  HuUi-TiHchi'iJ  Colony. 


-42      PrL*?w^itv  iiiH  ^iiR\t'lt.-ut  to 


2-^ 


U-2 


i:-j 

1,1-2 

ii-(i  -. 

6 
r.-ii 

li 

1-21 


^"  I 

lO(i.::iu<i  ............ 

3;j-w 

iMi,  ,......,..,..  Wiirnvr  tMwii  wi'll. 

a.'V-SHi  'i!(MX)     iViiijHLTsiiiirf    J!i[    }\&^    TO- 

H»  .- .,.    IVmpinjinireyr  rtuwi>^70P. 


1.V7f; 

:17 

ivi-j;? 
9;) 


Tii^^u  u(  Kemt'j. 


tirotrm  town  wvUf*  Ko?*,  I 


urv.,  17l»i  Ann    \W])l  ,  imrl  2,  pp. 


)li vet  folio  No.  W.  F».  1. 
nn  Kept  .part  4,  p  b^l 


:ii-%  ' ! 

.'«0-l.tH.l»  40-l.iM 

-1:V»  210  . 

1 . 3.X)    I  A hordocn  city  well  No.  3. 

1,()00    1  Aberdeen  cil'v  well  No.  4. 

2.v.=>:i  

I'lO  >                J37  • 

Mbid..  I).  5>«7. 

•  Ibid..  SValer-Snp.  and  Irr.  Paper  No. 34,  pi.  7. 

» Ret-ord.  US  Geo!  Surv.,  17tti  Ann.  Kept.,  part 

2.  pp  Iti-lM.  pi   72. 
«lbid..  pp  15-17. 
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SOUTH  DAKOTA— Continaeii. 


[NO.  14 


Location. 


Depths. 


DlamQ'  lYtdfl  per'  pro«.„-„ 
iMt.       minute;  I  Pressure. 


Remarks. 


Aumra  C<miHy— Con  tJii  lied, 
T.   l«i   It.  «m.    fv    mllei 
wjuthi^Afit  oi  PI  tin  lei  n- 
ton. 

T,103.B,t«,*ec.8  .,. 

T.iin.  F?  '■",-■.■. a , 

T.  IW,  iV.  DO,  MTU.  10 ' 

T.  108,  R.  63,  sec.  11 i 

T.  108,  R.  68,  sec;  13 , 

T.  108,  R  63,  sec.  24 ' 

T.  108,  R.  63,  sec.  26 1 

T.  103,  R.  63,  sec.  26  > 

T.  103,  R.  63,  sec.  28  « ! 

T.  108,  R.  68,  sec.  82. I 

T.  108,  R.  68,  sec.  86 , 

Do ! 

(?) i 

OLty  ol  Plankinton . . . 


Plankinton     Township 
well,  R.  64,  sec.  22. 

T.  108.  R.  64,  sec.  27 

T.  108,  R  64,  sec.  29 

T.  108,  R  66,  sec.  81 

T.  103,  R  66,  sec.  10 

T.  103,  R.  66,  sec.  11 

T.  103,  R.  66,  sec.  34 

White  Lake 

White   lAkc   (74  miles 

northwest). 
White   Lake   (10  miles 
northwest). 

T.  104,  R.  63,  seel 

T.  104,  R  63,  sec.  2 

T.  104,  R.  68,  sec.  3 

T.  104,  R  63.  sec.  10 

T.  104,  R.  63,  .sec.  15 

T.  104,  R.  63,  sec.  17 i 

T.l(M,R.68,sec.20 i 

T.104,R.63,»ec.21 

T.104.R.63,wc.22» I 

T.104.  R.t>:i,scc.26 , 

T.l(M,R.(W,8ec.3.'> I 

T.IOI.  R.W,8ec.34 1 

Do , 

T.1(M,  R.ti.'),8ec.26 ' 

T.ia4,K.(»(>..sec.2 1 

T.ltM,K.6«i.sec.3 

T.  105,  R. 03, sec— I 

T.10:>,R.«>3.j*ec.2 

T.  \0n,  R.  63.  sec.  7 

T.  ia=>,  R.(>3.soo.21 

Do 

T.ia\R.63.seo.2t)  .... 
T.  105.  R.63.st?c.2s  .... 
T.  105.  R.  G:^,  sec.  35 

Do.» 

T.  105.  R.  01.  .-sec.  2 

T.105.  R.C4,MH'.22  .... 

T.lft5.  R.(.6.8e<'.24 

T.  105,  R.  m,  sec.  32 

Beadle  County: 

T.ioy.R.r.i 

T.109,R.r.i 

T.109,R.6;i 

T.  IW.  R.Ol 

T.110.R.5y 

Do 

T.UO.R.tX) 


T.  no.  R.  r.i . . 

Do 

Do 

T.llO.R.riJ.. 
Do.< 

T.  110.  R. «;:{.. 

T.UO.  R.Ot  .. 

T.  no.  R.rw) .. 

T.  lll.R.5l>  .. 


...1 


F£€L 


705 


5U0 

75.'! 

470 

SUU.-*2o 

830.440 

420 

425 

420 

490,530 

ne 

628 
484 
507 
530 
745-830 


JnckcB.      GailoTi*.      Pounds. 
»l  L'OO    


8i  " 

■■■■»r- 

80' 

2  ' 
2  1 

"! 

+12 
10 

1 1 

1 

2  ; 

loi::: 

si 

200  L... 

3-2 

15  1.... 

4-3    .. 

1 

1 :. 

775  j 

765  I. 
715  1. 
880 
900  I 
830  I 

842 ; 

863 
814  I 

918  ' 

I 

470  I 
740  '. 

608    . 

440    . 

465    . 

540    . 

530  .. 
523-575  , 

525 

4*26  I. 
400,450    . 

590    . 

515  1 

72?< 

M4 

92*2  1 

475 

400    . 

5W    . 

4S7  , 

500  . 
475,  490  . 
508,  5«i0,. 

020    . 

700  '. 

010    . 

503    . 

953 
1  222 

070  ' 
7S2-910 
800-s.'i6  ' 
?<30,910  , 
74S,  T.iO 

857 
740-930 

879 
742 
9tiO 

7'.*2  8(14 
784-1. 1.i9 

8r2-S70 
S17 

S(>;i-«ao 

925.910  ■ 


2  I 
4t-3| 


30  1 
60-225  ' 


200  I 


'  1,200 

2  I  40 

2  I  ±4 

2  4 

6  I 

4  I  150 

2-li|  35 

3-1}! 

2  ' 


'  I 


4i! 

4i-3  , 


150  , 
1(W 


2i 
84    . 
105    . 


i: 

ll-9i'       20-2,5<J 
V,\    Manv. 


li 

2.1:' 


li-i 


i.'-i 

:W,  (i 

50 

35, 930 

2  150-200 

2  30 

2.3  .  130.  .500 

i:  50 

li-3  ':5:)0-2.  2'>0 

li-2  I  2IV-30 

2  100 

li  31 -'vO 

2  1  ;')(».  20 


The  8d0-foot  well  has  pr 
Hure  of  91  pounds. 


+  12  1  WhitelakeCity  wellNo 
it  10  i  WhitelakeCity  well  No 


35  , 
Flows.  I 

Flows. 


'ir.'l 


I'R'ssure  piven  is  for 
y3o-fuot  well. 


00- KK) 

iJ.V    2  wells. 

120-l»i.')     Huron  town  wells. 


1  Reeord.  V.  h?.  Geol.  Surv.,   18th  \m\.   Rept  , 
part  4.  [)l.  40. 
^Ihid.,  Mitchell  folio  So.  99,  p.  3. 


'Il.id..  J..  2. 

<r.  s.  (Ji'ol.  Surv..  I7th  .\nn.  Rept.,  part  2, 
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SOUTH  I>AKOTA-tk)iittti«e*L 


Lctcatloo. 


I>epth. 


NttTk'fl  JI13C  County— Coo, 

T.98,R.&I 

T.9«,R. 55  .„.„,„„.,,. 

T.VtH.R.i^ ,,,., 

T.^,R,67...,, 


T.««.R.6» 

tH*.... 

T.w.R.es 

T.W.R.M , 

T.99.R,«i7i.,... „; 

T.9*.Ra.M  .., 

T.^.H,6U, _ 

X9^.R.70 ..„,. 

T.  IW.R.f^T ..,.-. 

T-100.R.fi8 

T,100/R.fl9 

T-lOO,  R/70 

T,  110,  R.7t 

'Iflirk  Coiinly: 

T.IKT.  R.56  ........J 

T.114,R.59 1 

Do 

Clark 

T.117,R.ft9« 1, 

T.118,R.59 1, 

-lay  County: 

T.  92,  R.  61,  sec.  33 , 


Vermilion 

T.  93,  R.  51.  sec.  29.. 

T.  93,  R.  61,  sec.  31  .. 

T.  93.  R.  52,  sec.  28  .. 

T.  94, R.  62. sec. 11  .. 

T.  94,  R.  52,  sec.  15.. 

T.  94.  R.  53.  sec.  33.. 

T. 95,  R. 52. sec. 9  ... 

T.  95,  R.  52,  sec.  17'. 
Custer  County: 

Buffalo  Qap 

Dftvi'on  County: 

T.101,R.60* 


FttL 

77-2 
1X20,940 
ftSO-950 
»QU-99] 


800-1, tLO 

1.220 

844 

S40 

730-950 

720-1,006 

944.966 

^40-1,000 

734-*^7ft 

720-930 

86^1. OW 

&0O.9QO 


100,1.038  , 
86<»-946  i 
1,200 
020-1,200  ! 
013-1,080 

400 

507 
400 
410 
400 
402 
400 
500 
500 
507 


IMjLm«-   Yield  per 


Inchet.  Gatfott*. 

2  e.ll 

a-3  50-6S 

1^  0-66 


e 

l-S 
3,2 
l|-3 

a -2 

2 

li.2 


10-160 


BO 

30 

4-ao 

2-7S 
60 

ia^i» 

'JO-120 

7-Hii 

1.V12S 


B   500-0,000 


2 
2 
U 


17 
6,8 


PresiDre. 


Ft>undi. 


31-30 


+24 

-40 
50 

20-26 
-*7 

-ts 

IS 

30 


Retnai-ks. 


V»iioua  prewures  friven^ 
the  ffrvmtpst  haing  63 
pouTiac, 

No  flow. 


6f«Atettpreflsure  reported. 
Do. 


Do, 
Do. 

PnsfluredrlTenbrorl  well. 


li-6 
U-'2 

3-2 

3 

U 

2| 
2 
U 
2 
8-2 


15-35 
2&-160 

Few. 

Few. 
3 

1 


.  I  2  unsuccessful  wells. 


Many. 


5   .. 


Water   rises  a  few  feet 
above  the  surface. 

Flow  decreasing. 
Do. 

Do. 
Do. 


Few Irony:  fl<iw  decreasing. 

3   Soft;  flow  decreasing. 


700   2  unsuccessful  borings. 


T.101,R.61  , 


T.  101.R.62&. 
T.102,R.6l  .. 
T.  102,  R.62  .. 
T.103,R.60«. 

T.  103,  R.  607  . 


Do 

T.  103.R.61  . 
T.  103. R.62  . 


413-5-26 

I 
425-^0 


480-775 
500 
449-642  ' 
431-550 

765 


2         25-45   ;  Very  hard  rock  bottom  In 

I  I     477foot  well. 

l}-2  16-48   1  Depths  increase  regularly 

from  northeast  to  south- 


60 


2-li, 


20-90 
3,5  I 


west  in  this  township. 


Yield  and  pressure  for  550- 
foot  well  sunk  in  189t). 

In  Mitchell;  flows  at  285. 
376.  445.  and  510  feet: 
(luartzite  from  540  to  7t>5 
feet. 


T.104.R.60* 

T.104.R.61 

T.104,R.62'* 

[>av  County: 

*Web»*ter 

Do 

Andover  • 

T.l'22.R.&9.sec.4 

T.12:^,R.58 

T.124.R.58 

T.  124,  R.  68.  sec.  6 

T.  124,  R.  68 

T.  124.  R.  59.  sec.  2 

T.  124.  R.  59,  sec.  36 

Dewey  County: 

Cheyenne  Agency  >'> 

>  Record  U.  S.  Geol.  Surv'.,  17th  Ann.  llepl..  part 


433-586 

2-8 

20-600 

13-2H 

In  Mitchell  and  vicinitv. 

110-500 

2 

110-120    .. 

400-495 

2-44 

35-70    .. 

W6 

4i 

700    .. 

Flows  at  350,  470.  and  620 
fret. 

400-507 

3-4  i 

10-100    .. 

4(H)-6o3 

2-3 

•2-2-210    .. 

.^evenil  flows. 

405-*X)l 

2-4  i 

5-156?.. 

i.7ir,   .. 

-69    .. 

Water  rises  to     '220  feet. 

l.o-'iO' 

2  1- 

rnsuecessful. 

1,075 

64 1 

300 

90 

.Siline. 

1.U80 

li 

40 

8.5 

1,210 

3    . 

1,240    .. 

Water  just  flows. 

930 

ii 

28 

70 

1.200 

li 

15 

40 

930 

li 

40 

75 

9T0 

li 

y^ 

90 

1.3:i7 

8-4  '' 

500 

205 

Temp.,  90°  or  92^. 

I  pp.  44-46. 


bid.,  18th  Ann.  Rept..  1897.  part  4,  pp.  18,  21. 
«  Ibid.,  Parker  folio  No.  97.  j>.  21. 
<  Ibid.,  Alexandria  folio  No.  lOO.  j).  2. 
*Ibid.,  Mitchell  folio  No.  99.  pp.  2-3. 


•J  Ibid..  17th  Ann.  Rept.,  part  2.  pp.  39-40,  44. 
•r.  S.  Geol.  Surv.  Mitchell  folio  No.  99. 
»  Record,  ibid.,  18th  Ann.  Rept.,  part  4.  p.  .575. 
•Ibid.,  17th  Ann.  Rept..  part  2.  p.  19. 
»<'Ibid.,  18th  Ann.  Rept.,  part  4.  p.  588. 
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SOUTH  DAKOTA-Continued. 


Location. 


Doufflas  County: 

Delmonti 

Armour  > 

Armour  Mill  Company*! 
well.i 

T.W,R.e8,aec.20 

T.  96.  R.  64,  sec  2 

T.M,R.64,»ec.2l 

T.9K,R.6&,8ec.2< 

T.99,R.68,0ec8ft 

T.9».R.6ft,flec.H 

T.9»,R.66 

T.100,R.62,wc.ie 

T.100.R.a2,sec.l8 

Flensburg 

Flensburg  (on  e-h  a  1  f 
mile  went). 

Flensburg  (three-fourths 
mile  west). 

T.100,R.68»tec.l5 

T.100»R.64,tec.26 

Do 

Edmunds  County: 

T.120,R.«7 

T.121,R.66 

T.121,R.67 

T.121,R.68 

T.121.R.69 

T.121,R.70 

T.121,R.71 

T.122,R.66 

T.122,R.67 

T.l:a.R.68 

T.]22,R.69 

T.122,R.71 

T.123.R.66 


Depth. 


FM. 


Diame- 
ter. 


821 
787  I 

800 

722 
901  I 
786  I 
860 
706i 
925  I 

1.010  I 
600  j 

1.026  '. 

611  ' 

651  I 

I 

775  I 

750  I 
987 

975  I 

1.141  ! 
987-1, 100 
1,025-1,220  ; 
1,15&-1.295  i 
1,355,1,240  I 
1,800-1,870  I 
1,500-1,569 
1,000-1,090  I 
1,000-1,140  I 
1,146-1,170 
1,305-1,360  I 
1.526  , 


Inches. 
2 
6 

8 

U 

8-6 

2 

6 

8-6 

i 

2  I 


Yield  per   p-p«ii,--i 
minute.  .  P"*""'®- 


QaUw. 
60 
1.600. 
1.500  I 


Pimndt. 


55 


Many.  '■ 

1,200  ' 

+20' 

900  i 

2.100  I 

600-700  I 

1,000 

60  ' 


76 


65-70  I. 


Remarlu. 


1,075-1.125  , 

T.12:^,R.67 1  1,100,1.160  ' 

T.123,R.68 1  1, 195-1, 24o 


T.123.R.«9 1,370-1, 

T.123.R.70 1, 

T.124,R.6(i 1.125-1, 

T.r24,R.f»7 ,  l.iriO-1. 

T.124.R.6H 1. -225-1. 

T.124.R.69 1, 

Fall  River  (.\Minty: 

Aniinoro >  1, 

Argi'iiiine^ , 

Edgemont* 1. 


420 
498 
14H 
370 
35() 

3:kJ 

oOO 
5.'iO 
125 


1H2  I 

lil 

ii-8  i 
li, 

.  u' 

■i-n 

1.' 

2-3  , 

U 
2 
li 


600-700 

900 

1,000 

25 
12-100  . 
20-50 
40-50 
40.25 
85 
20 
15-70 
5-40 
20-85  ; 
35-70  ' 
2  > 

25-90 


40 


I 


County  well. 
Do. 
Do. 


t12 
110 


Clear,  soft  water; 

560. 
Pressure  refers  tc 

foot  well. 


25-35 

97-150    '  The  1.245-foot  wcl 

1      town  of  Imwich. 
30 


31 
40-41    . 
15-120    . 
2.>-45    . 

m   . 


20     Roscoe  City. 


Uiisuccessfnl. 


EdKemont  (near) 

Minnekuhta^ 

Smithwlck    (7    miles 
southwest). 
Faulk  County: 

T.  IHi,  R.  W. 

T.  117,  K.oa 

T.  117,  R.r>7 

T.  117.  K.68 

T.  117.  R.  (59  (Orient)  .... 
Orient  (4  miles  iiorlh- 
east ) .  *■' 

T.  117.  R.70 

T.  IIH,  R.  06 

T.  11H,R.(>7 

T.  118.  R.  (W 

T.  118.  R.69 


9«M» 

1.318 

(iOO 


Severn  1 Plugged  at  700  feet 

at  509  feet. 
.'Several Water  from  578  fee 


970 

913-1.051 

1.000,997 

1.095, 1.15«i 

1.232 

1.215 

1.5;'>2 

9:W- 1.041 

1.001-1.125 

1,0:J0-1,185 

1.220-1,-166 


T.  118,  R.  70 1,183-1.1508 

T.  119,  R.  66 970-1. 008 

T.  119.  R.  67 1,030-1,172 

T.  119,  R.  68 1.110-1.105 

T.  119.  R.69 1,206-1.456 

T.  119.  R.  70 1,:^)7-1.402 

T.  119.  R.  71 1.515 

T.  120.  R.  67 1,030-1.140 


1  Record  U.  S.  Geol.  Surv..  17th  Ann.  Repl..  part 
2,  pp.  46-50. 

sibid..  part  4,  p.  575. 

a  Analysis,  ibid.,  2l8t  Ann.  Rcpt..  1899-1900.  r>art 
4,  p.  670. 


In  progress. 


li  no  

li        r^-iio  

li        As-2-  

75,  W  

a)  < 

!•;'»()  

17  

Ji.5-.'>.5  

30-75  

20-15  

25-10 

4.5-100  

::tr>-«>s  

20-ia>  

30.150  1 

2;')-UX)  I 

100.1S5  ! 

40  1 

2.V1W  I 

*Ibid..  pp  .5G^S,  571. 

'•Hud.,  p.  573. 

•5  Record,  ibid.,  17th  Ann.  Rept.,  part 


li- 
' "6-5i 

3-1  i 

li 

li-2 

li 

li-4 

2-3 

11-2 

li 

li,2 

2-3 


lJ-3  I 


f'irst  flow  at  850  fc 


Tressure  in  for  1  we' 
f<K)t  well  in  Fan  I 


p.  1 


DEEP   BORINGS   IN   THE   UNITED   STATES. 
SOUTH  DAKOTA-Continiied, 


1st 


nation. 

Deplh. 

ler. 

yidd  per 
minute. 

Freomire. 

KeaiarkL 

y— Continued* 
m „. 

m ,..„,. 

1,0-25-1,125 
1.1B7-1.287 
l.JM2"l,5i2 
l,Mfr-l,570 
1,6WW,650 

MO 
459 

610 

730 

1.474 

i.uu 

m 

i.'Ma' 

1.12.i 
l.Kli^ 
1,272 
U343 
1,2415 
1,375 

1.140 
1,139 
1.142 

1,300 
1,207 
t,40U 
1,440 

«i7 
l.lfi."i 
l,05?i 
1,002 

9»0 

i,ir)8 

1.1  it7 
1,140 
1 ,  VSi 
1,  IfVJ 
l,21r» 
1,2(10 
li  214 
l/i:?i 

1,2,' E> 

t.O70 

i,oti 

wto 

1,010 

1 .  170 
1,1V) 

1 ,  nir 

1   '*7" 
1,1  U7 
I  3h(> 

1 ,  Hoa 
1 ,  ;u":s 
1 ,  r^i 
\m 
l,t>|.. 
ij^j 

].  KHl 

IJ 
li-2 

2 

2 

2 
2 

'2 

4 

3 

6-* 

3 

3-2 
2 

•-1 

2-U 

;n-25 
i(H2& 
ii-100 

27-35 
30-70 

2 

10 
30 
45 

GOO 

320 

»00 

«^-270 

t?)-S5 

70„.„.. 

71  ., 

72.... 

k.  BCC.  22.  NE. 

4«,  sec.  1ft.  SB  . 

4a»er.  7.  NW. 

l9,iictM3.  N'E. 
oty;  " 
rlflll 

16 
7 

13 
17 

Flow  dtmlalRblng. 

iw.iicc.2S,  NE.. 

fifi,  **c.  29,  NE.. 

Flowsllghtlj^dlmlubbed 
Hani  waler:  lerap..  SiO°  t< 

E'ump, 
Waterlo-SOfetH. 

6*,  sec,  30. 

■fi7,  icO,T.  SW.. 

tt».Bec*21,5W. 

.6S,  f«f.2H.  NR. 

50 
41 

m.  sec.  1,  NE.. 

mvner.  S.  NE.. 

6f^,  «€■<■.  3C>,  NW. 

40 

50 

11 

Few. 

350 

40 

l.BSO 

135 

fi7.  fi€c.  4.  S(W., 
,  ft7,  flCC.  5,  NW„ 

.. .... 

fi7,  wLt,  7 . 

40 
126 

t>7,  ser.  IH 

(i7.  wc.  26,  SW. 

•J 

!' 

2 

li 

2 
li 

n 

li 
11 
]i 

2 
li 

87.  *ec.  Ba..>... 
.W,  Bitu.  2,  6W.. 

no 

ttt(,  w?c.  7 



6**,  itcr^  10...... 

m 

40 

100 
20 
SO 

loor 

iao 

^tCret^k  Rnnch 

eg,  HIT.  9,  SE..* 

m,  fee,  11 

,  70.  dt'C.  ft,  SW.. 

70,  Nif.  ? 



.  «6.  j««c.  15,  aw. 

+ft 

66,  »L^,  20,  t«W. 

40 
35 
60 
35 

66,  mx.2i 

.  67,  sec.  14h  SE.» 

rt7t!^?C*  l-S,  SE„ 

(V7,  ier.25,  SE.. 
.  67.  HK?.  17.  S>V , 

Si 

.  67.ffee.25...... 

68.  K"i\  29,  HW. 

3 
3 

2 

400 

i2^ 

69,i4,»e.l3.NE... 

100 

rrtt,wc.rl 

69,MMN'M,9E.... 

IJ 
2 
2 

U 

11 

li 
1^ 
1} 
Ij 

n 

TiO 
150 
SO 
iiO 
TV 

%s 

40 
42 
35 
Vi 
35 
;^i 

40 
3.J 

70,wt.l,FiW.... 
70,M-e.ifj...,,,, 
rjG,i*ec.9,Xli:  .... 

6rt.B*;e.  11  , 

r*,nc-c.  12,NSV  .. 

' ' 

6«,see.l4,aE-*.. 

6e,B*f,2-J,NK... 

66,j^"e.35i.  W  ,.. 

fi7,f*e<".30.E4VV... 
CiH.  «?(■.  9.  KVV 

(».SH?e.l9,NK  ... 

fi«^N^^27,S^:„.. 

fl9,s<ci-,  14  SE., 

-i-1: 
ij 

U 
U 

2-^ 

70,!HV.2.XVV  ... 

"" HJ 

120 

1*1  or  2h 
lib 
liti 

lO.j-ee.H^^SW,,., 

70,HK-1.-. 

70,K'O,  Itf,  NE... 

..;.iL 

Gh.*!  with  second  flow  a 
1,37&  leet. 

70,j*er.2(J.  KE.   . 

rtH,jk.p.:<5,  .St,.. 

67.!see,ri,N\\   .. 

(J»*HeO  J0,XF:... 
&si»ee.^  .   

"m 

;.  S.   Geol.  ^urv. 
).  58. 


17th  Ann.  Kept., 


Ubid..  p.  26. 
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DEEP   BORINGS   IN   THE   UNITED   STATES. 


[NO. 


SOUTH  DAKOTA— Continued. 


Location. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Gallon*. 
60 

Pressure. 

Remarks. 

Hand  County— Continued. 
T.  115,  R.  68,  aec.  22,  NE  . . . 

Feet. 
1.065 

Inches. 

I' 

li 

Pounds. 

T.ll5,R.G9,sec.lO,S£  ... 

T.  115,  R.  69,  sec.  14, 8W . . . 

1,335 
1,242 
1,370 
1,800 
966 
853 
1,115 
1,260 

412 
40(M70 
632 
510 
589.600 
510 
550 
543 
555 
508 
558 
535 
483 
550 
•528 
440 

1,281 
1,160-1,537 

1.645 
1.192 
1,4.^3 

445, 480 

417 

406-747 

480-620 

540-760 

842 

915 

420 

400-450 

470-580 

4X2-560 

490 

400-540 

522 

M2 

490-572 

410 

420-560 

419-.5S5 

1,370 
1,3"J0 
1.445 

i.:ir,o-i.39<'. 

1.552 
1.4M7 
1,490 

l,:i97 
i.rm 

1..T0S 

i,«;:ii 

1,  J40 

715-760 
7:i.5-K80 

35* 

16 
135 
100 
35 


T.115,R.69,8ec.24,NW  .. 
T.  115,  R.  70,  sec.  14.  NE . . . 

2 

2 
U 

w 

T.115.R.70.8ec.28,SW... 
T.116,R.67,8ec.l5,8E  ... 
T.  116,  R.  67,  sec.  26 



T.116,R.68,8ec.28,NE... 
T.116.R.69,8ec.36,8VV... 
Hanson  County: 

T.101,R.58> 

68 
40 





T.103,R.69» 

T.  104,  R.  57,  sec.  3 

T.  104,  R.  57,  sec.  7 

2 
3-2 
U.2 
3 
2 
2 

2 
16 
20,50 
2 
2 
50 
+  1 
4 

+    6 

T.104,  R.57,8ec.8« 

T.  104.  R.  57,  sec.  17 

T.  104,  R.  67,  sec.  21 

T.  104.  R.  67,  sec.  22 

T.  104.  R.  57,  sec.  24 

T.  104.  R.  67.  sec.  27 

T.  104,  R.  57,  sec.  301 

T.  104,  R.  58,  sec.  9 

2 
4 

4 

8-^ 

5 

35 

l.V) 

30 

Few. 

2.088 

T.  104,  R.  68,  sec.  12  « 

T.  104.  R.  68.  sec.  13 « 

20 

T.  104,  R.  68.  sec.  14  2 

T.  104,  R.  58,  sec.  17 

Hughes  County: 

Pierre  (city  well) 

Pierre  

210 

I'ressure    given     L*? 
greatest  reported. 

Pierre  (northeast  of) 

3-li 

115 
900 

84 

East  Pierre  * 

+  160 
+  20 

Harrold* 



I 

11-2 
li-2 
li-2 

Hutchinson  County: 

T.97.R.56 

Menno 

Manv. 

:iO-.^0 

40-100 

700 

Ij)\v  pressure. 

T.97,R.57 

T.97,R.59 

T.97.R.60 

25 

2.-V-35 

35-<i0 

9 

Do/' 

Tripp  t<»wn  well. 

T.97.K.61 

T.  9H. K.  58 

T.  iW,  R.  59 

li-2 

2-5 

li-3 

•y 

ii-,s 

6 

3 

li-2 

•J 
2-3 

2 
2 

6 

3-2 

2 

'.i 

4-15 
1C.-120 
13-<'.0 

T,  9.H.  K.60 

T.  98.  R.  C.l 

T.  W,  K.  59 

T.99.  K.G07 

10-1.^ 

30 
S-.=H) 

3-i(V 

1-90 

40 

IS 

Do 

i'arkston  citv  well. 

Do 

T.99,  K.61  

20 

Do. 

T.lOO,  R.59'' 

T.  100.  R.  60 

T.IOO.  K.r.ltt 

Hyde  (Vniniy: 

Aft<»n  (1  mile  east) 

Aftoii  (3  miles  east) 

Kdwiii 

Edwin  (iieHr) 

Hi^rhmore^    ... 

25-:^  1 

9 

120 

120 

70 

12 

ISO 

14 

200-2.SO 
h-'lH) 

i'j-i.V 

3  wells. 
Temp    72^. 

HiKlimorei3mile.Nnorth) 

HiKhmore(  4  miles  north- 

east). 

Hi^hmore  ( H  miles  north- 
east >. 

HiKhmore(3miles  north- 

Mitehell rancli. 

west ). 
HiKhniore     (14     miles 

northwest). 
HiKhmore 

Ree    HeiKht«    {',i    miles 

northwest). 
Jerauld  Countv: 

T.  Kh;.  R.  (J:{ 

T.  IOH.R.6^' 

110- HO 
114 

J  r.  .<.  (ieol.  Surv.  .Vle.xandria  folio  No.  100. 

•  Record.  I'.  S.  derU.  .Surv.,  17th  Ann.  Rei>t..  part 
I.  pl.M. 

»Ibid..  isih  .Vnn.  Rept.,  part  4,  p.  579. 

*  Ihi<l..  17th  Ann.  Rej)t..  part  2,  pi.  76. 
'"  One-fourth  of  an  inch  stream. 


"  I'.  S.  Geol.  Surv.  Water-Sup.  and  Irr.  P 
No.  34. 

^  Reeoni.  ibid.,  17th  Ann.  Kept.,  part  2.  pp.  4 
isth  Ann.  Kept.,  1H97.  part  4.  pp.  .580-585. 

-■  Ibid..  Ihth  Ann.  Kept.,  1897.  part  4.  pp.  580 

^Ibid.,  17th  Ann.  Kept.,  part  2.  p.  24. 
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SOUTH  IIAKOTA-Continued 


\kn. 


Beptb. 


Y)«ld  per 


t*re«iui«. 


-Ooatiiiiwd. 


I,  nee.  3£,  ITE. 
5^  wee.  7,  »W  . 

111 

t  nc.  38»  KE .  < 


5,  MC.  iTNS 
6v  wc.  B,  HE 

7.  tec  7 

7,  9be,  ao,  SW 

r,  Mc.  ta. .  JL 

ti,  aec  2,  eW 
Spiiec.7 


Ad 

1,506-1,570 
1,560-1,6^0 

407 

MO 

4&B 

eio 

«00 

*m 

714^092 


i,m 

1,611 

iaa 

«S1 


LCrwkfiifciicti 

>,  Mfi.  ft,  BE 

»,  sec.  11 

Qi,  Bee,  b,  SW. 
J^wc.!, 

8.  iec.  lU  ew 
B,  «ec,  ].\  BW 
1  iec.  IS,  BE. 
I>  >V.  901  8W 
Sv«e«.24,BE 
I,  !»«;.«..„ 
7.  nee.  14,  gE 
7,iwc.  15,SE 
7.  iec,  25.  8  E. 

7.  Bec.l7,8W 
7,6eo.2&...„ 

8.  iec,  a».  frW 
,Fer.l3,KE. 
,fiec.l4.KW 
.■ee.n..... 

,if!c.l^AW.. 

.w,  {?).„., 

.•IW-U  ..,„ 
,«ec.l2,NW 
,9ec.H,8E,* 
,MC.22,NE. 

.■eo.SO,SW. 

,i«.8,SW„ 
.•cc.«,&W.. 
.«w.ia,NE. 
.■ec.ig.NE. 

.nee,  27,  BE.. 
.i*c.ri.-,,^ 
.ieelff^E.. 

.■ec.S,8W,, 

,JM?t.l.l 

,iec.l9,NE. 
.i^«2[»,NE. 
,pec.a&.NE. 
,sec.l;E,N^ 
,9ee,  IO.NE. 
,  nee.  aO 

a  Oeot.  Burr., 
\8. 


i,afl» 

l,12iV 
lilOfi 
1,272 
V»i3 
It  216 
l>J7& 
IJ&S 
1,200 
1,140 
l,l»» 
M42 

1,2U7 

MOO 

1,440 

9W> 

S67 

i,oss 
'«» 

800 

IJfiH 
1,1^ 
1.140 
l.m 

1.215 

l.'2il 

l.'J::?* 

1.070 

],0U 

WD 

9:* 

1,010 
l.lO'i 

i,m 

I.IK^ 

1.050 
l.UO 
1.27  J 

i.:ti» 

tlplTO 
1,3NU 

l.:«ft 

l.LViO 

1,01.7 

1.1*^ 

1.41MJ 


8-2 
2 

I 
3-l| 


JD-m 

12-100 

27-36 
»>-70 

2 
10 
90 
45 

600 

320 

mo 

50-270 


m-^ 


s 
n 

4 

at 

2 

li 

li 
1 

n 

2 

IJ 


M 

41 

""« 

00 

14 

Few. 

S50 

40 

1,350 

13S 

50 


Flow  dlmlnlihlnf . 

Flow  illfbtljr  diEaliilih«d. 
Bmt6  watflr;  temp.,  mfi  fo 

Pmnik. 

WAlar  to  -BO  IttL 


40 
J26 


119 


MO 

40 

30 
lOQ 

20 

ao 


m 


400 


m 


ICO 


to  . 

ISO],, 

-%  :_ 

»5  '_ 
40  \. 
42  . 
3ft   , 

25 :.. 

35  . 

30  . 

10  . 

35  . 


:j-lj 
Ij 
2 
IJ 
U 
li 

4i-2 


120 

15  ur  25  I 
^  I 
1^  ; 


Gii  wltb  necotid  How  ai 
If  87!^  ieet. 


1«0  ,., 


i7rii  Ann.  /iept.,         ^  Ibid.,  p.  26. 
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DSSP  B0BING8  IN   THE   UNITED  STATES. 


SOUTH  DAKOTA— Continued. 


Location. 

Depth. 

Diame- 
ter. 

m1nu?I.'l  ^'^^'  1              »«»*'ki 

McPhenoD  Coanty— Cont'd. 
T.  128,  R.  66.  tec.  25.  N W. 

JFbeL 
1.170 
1,250 
1,260 
1,460 
1.725 
1.860 
i;425 
1,800 
1,486 

1,060 

960 

990 

980 

925 

968 

980 

1,110 

1,015 

890 

960 

1,200 

968 

1.018 

1,084 

988 

958 

960 

965 

940 

940 

1,152 

1,010 

922 

1,004 

1,800 

980 

980 

940 

1.450 
750 

2.500 

410 
450-ir..-> 

450-580  , 

1 

408-150  ' 

4  ).v4:w 

8U4 
824 

575 

455 

400  , 

1,770  1 
I, CM  ■ 
l,7fil 
2.130 

470 

400-fi:J0 

42(M>70  1 
586  ; 

Jnche$. 

1 
1 
1 
1 
1 
1 
1 
1 
1 

6 
11 
1 

1 
1 
2 

!' 

■i! 

li 
1^ 
11 
11 
1 
l] 
2 
1 
1 
1 
24-1 
1 

IJ 
8-84 
2-li 
1 

li 
8-6 

Oattotu. 
26 

i 

25 
2b 
85 
26 
85 
80 

400-500 
50 
85 
25 
10 
70 
60 
15 
25,80 
85 
10 
25 
25 
80 
25 
85 
45 
95 
10 
80 
6 
40 

limndM, 

Water  clear. 

T.  128,R.66,8eG.28.NW. 

Do. 

T.  128.  R.  66.  sec  80.  BE  . 

Da 

T.  128,  R.  67.  tec.  2.  NW . 

Da 

T.  128,  R.  67. KC.  18.  BE.. 

T.  128,  R.  67,  KC.  14.  NE. 
T.  128.  R.  67.  sec.  15.  BE . 

Da 

Do. 

T.  128.  R.  67.  ■ec.25,NW. 

Da 

T.  128.  R.  67.  tecSS.  NW. 

Da 

Marshall  County: 

Langford 

60 

T.  1».  R.  58.  sec.  6 

T.  125.  R.  58.  sec.  81 

T.  125.  R.  50.  sec.  85,  BE.. 

T.  125.  R.  50,  sec.  85 

T.  125.  R.  60.  sec.  84 

T.  126.  R.  66.  sec.  7 

T.  126,  R.  57,  sec.  2 

T.  126,  R.  57.  sec.  5 

2wella. 

T.  126,  R.  57,  sec  6 

T.  126,  R.  57.  sec.  7 

T.  126,  R.  57,  sec.  9 

T.  128.  R.  57.  sec.  12 

T.  126,  R.  57.  sec.  22 

T.  126.  R.  57.  sec.  84 

T.128.R.58{^:1^8gW.; 

T.  126,  R.  .^8.  sec.  19 

T.  126,  R.  58.  sec.  26 

T.  126.  R.  58,  sec.28 

T.  127,  R.57,flec.l2,NE. 

T.  127,  R.  57,  sec.  28,  NE . 

T.  127.  R.  57,  Hec.82 

35 
85 
600 

T.  127.  R.  68,  sec.  82,  8W . 

Brltton^ 

1M 

Britton  (near) 

Water  rises  to -6: 

T.  128,  R.  56,  SCO.  3 

18 

30 

600 

12 
Many. 

Many. 

Many. 

1 
GO  , 

Manv    ' 

T.  12J1.  R.68,8ei-.  ll.NW. 



Flow  from  322  feet 

Non  flowing  wcllfli 
ard  and  Villas. 

No  flow;  good  pii) 
ply:  soft  water. 

Sf>ft  water;  Carthi 
well. 

No  flow;  soft  waU 
Do. 

I'n'iucecfisful. 
Water  found  In  sa 

.^luall  flow  in  mm 

Water   to  -108  fc 

limited  supply. 
Flow  from  Dako 

stone. 
Flows  from  Bento 

tion  and  Dako 

stones. 
Pressure  ia  for  oni 

Newark 

125 

Meade  County: 

Fort  Meane 

SlurKls  (fi  miles  norths. 
Meyer  rounty: 

Hosi'bud     Agency     (26 
nifles  northeast). 
Miner  Coiintv: 

T.  105.  R.57 

T.  106,  K.  50 

T.  107,R.56 

T.  10S.R.57 

Do 

6-3j  i 

^\ 

1 
1 

i 

.......... \ 

i 

2i-i  j 

1 

15 
-1-260 

33 

T.  108.  R.5K ' 

T.  lOh.  R.  58.  KT.  22 ' 

T.  108.  R.  59,  sec.  1 

2 

I 

Many ; 

Minnehaha  Counf  •: 

Sioux  Falls 

M»mm1v  County:                        i 

Flandreau      (5      miles 



Miuthwert  of).                [ 

Tenniuf^ton  Countv:               \ 

Rapid     Citv,    (oni^half  i 

mile  southeast  of).         < 

Poller  County:                         | 

T.  117,  R.  77,  see.  3,  SW 

1 

1 

2' 
2  1 

2  1 

3  , 

12 
C-O 

T.  117.  R.  77,  sec.  21 ' 

T.117,R.78.HJC.6 1 

fietlyKburK 

SanlM)ni  County: 

T.  105.  R.59 

T.10.S.R.W 

T.  105.  R.  61 2 

2  1 

U-2  ' 
3-2  ' 

15-16.->                     35 
4-12.')                    SO 

l^tcher"' 

SO  '                 90 

»  Rei'onl,  U.  S.  Gcol,  Sur\'..  17th  Ann.  Rept.,pHrl  2.  p.  1ki. 
2  Ibid.,  pp.  631-633:  Mitchell  folio  No.  »9. 
Mbid.,  pp.  631-633. 


DEEP  BOBINOS   IN   THE   UNITED  STATES. 


189 


SOUTH  I>AKOTA-=Contmu«d. 


K'ation. 

EKrpth. 

icr. 

1         i 

Vleldper 

Ptcflmre, 

Remarks. 

unty— Cont'd. 
.62 

Fett, 
•100-490 

■mi 

708 

K^0-«86 

560-576 

689-7.-16 

725 

775 

530 

792 

8*5-920 

750-800 

890-1,  UOO 

HM-l,  150 

970-921 

870--940 

866-9:^7 

4.=i0-l.ai0 

787-9h7 

WO-980 

874-1.085 

95.> 

918 

920-960 

880-920 

895 

1,008 

858-1,029 

858-965 

964 

1,025 

960,1.060 

956 

90^.918 

897.957 

921-9x7 

8HH-968 

9W>-950 

8iO-l.a)2 

sl:i-l,3S7 

890-1.029 

9H4 

.H7() 

K^)0-9N-. 
920 

873-9H.S 
863-1.012 

H.V>-1H',0 
S70-1.(>'-'1 

.1                92.-> 
[          l.(K);{ 

9:iJ-1.07y 

M»i-i.().'»r. 

hJ."»-'J7i» 
'.L>0-l».vs 

•m:;-i.  (•!'.♦ 

l.tMil 

(                       '.«HI 

<•:><»- 1.170 

'.H.^O-'.^l^ 
'.^l^ 

Poundt. 

Snull  flowft  twm  Benton 

.59 

1      tarmAtlon   and  DakoiA 

windDloTke. 
jFlnw  itom  Dmk«tJL  nnd* 

\      HlOIIV. 

Do. 

.d9,Bec.l8i 

\i 

r 

]20 

.60 

Do, 

.61 

6 


Do* 

.62 

Do. 

cket» 

1J50 
Miiny 

tflO 
125 

Do, 
WtK>niix'ket  mllt  veil 

.60 

Flow  froDa  Benton  forma- 

11-2 
11-2 

2,li 
1H4, 
li-2  1 

U 

IJ 

U-2 

li-2 
lJ-2  1 
61-4J 

6  ; 

4i 

li-li 
11 
li 
li 

li-2 

li-2 

1*-H 

4i 
1  i  -2 

i; 

i; 

1^-4; 
(.   > 

\i 

() 

o 
4i 

li 

li 
•) 

l-U 
3 

^ 

tion. 
Flow  from  Dfikota  iiind-' 

['■^ 

jttoni,'. 

1.61 

15-50 
30-1,000 
30-1.200 

100,35 
35-46 
Few. 
25-75 
42-350 
40-100 
40-1.000 
60 

1.62 

t.63 

I.  64 

12V150 
50 

Only    one    pressure    re- 
ported. 

{.  65 

I,  60 

t.6l 

I.  62 

?  -  87 

I.  6;^ 

I.  W 

<.  ()5 

I.  60 

{.61 

18-40 

35-1*20 

600 

{.62 

)rt4 



Blaine  well. 



t.  63 

25-80 

45-175 

1,260 

1,900 

1.64 

I* 

i77 

Town  well. 

HasficUl  A  Meyers  well. 
Redfleld  City  wells.  Nos. 

2  and  8. 
Institution   for   feeble- 

-1-87,106 
+124 

800 

150 

370,600 

10-35 

50-110 

a'v-sao 

20-53 

20-70 

35-65 

60 

46 

25-35 

1,300 

21-40 

25-120 

10-200 

30-:U)6 

100 
2,  UOO 

3.virK) 

3()-l.'>0 
2-60 
•JC.-45 

r»o-8yi 

I.IUH) 

iKMiO 

4U 

4«;7-i.;<20 

1.900 
l.'H) 

{.65 

minded. 

{.60* 

{.60 

122.112 

Doland  town  wells. 

{.61 

{.62 

{.63 

{.64 

{.65 

l.m 

{.67 

{.60 

Town  well. 

{.61 

.62 

:.  63 

,64* 

1.50 

?-150 
130 

Chicago,  Milwaukee  and 
SI.  Paul   Railroad  well 

.65 

.60 

.61 

.62 

1    and  mill  well, at  Ashton. 

.63* 

..64 

;.  65 

:.cs 

4 

141.15;^ 
i:r. 

i65' 

;ilt> 

;.60 

Well  in  Conde. 

:.6i 

:.  62 

:.»)3 

45 

20-30 
IHO 

12-84 
278 

1.64 

:.  65 

■>1.  v^^urv.  AlexaiKlria  folio  N'o.  100:  p.  2. 
ibid..  18lh  Aim.  Kept..  1^".»7.  part  4.  p. 


3 Ibid.,  nth  Ann.  Kept..  1890,  part  2,  pp.  631-638. 
Mbld.,  pp.  19-20. 
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DEEP  B0BINQ8  IN   THE   UNITED  BTAXE& 
SOUTH  DAKOTA— Continued. 


[MLlA 


Location. 

Depth. 

DUme- 
ter. 

Yield  per 
minute. 

Pressure. 

Bemarfct. 

Sully  County: 

T.118.R.79,iiec.82.8E.. 
T.114,R.77,»ec.  11,NW. 

T.  115,  R.  79,  nee.  8,  BE... 

FeeL 
1,566 
1,717 

1,646 

1,781 

1,606 

610 

618 

440 

1,807 

460 

Indie*. 

8-2 

2 

2 

2 
2 
4 

GattoHi. 
175 
85 

20 

66 

86 

600 

AHfMlf. 

+60 
+20 

Water  Milne. 

••Na2." 
Water  toft  gu^r  FMl 

Township  w^*Na  L- 
Water  soft  and  ffuvy. 

T.116,R.79,iiec.28.NW. 

T.  116,  R.  78,  »cc.  19 

Todd  County: 

F^rtRandalP 

26 
65 

Turner  County: 

Hurley  (4  miles  aouth- 

T.  99.  ii.  66.  sec.  34,  SE.*  . 

Walworth  County: 

Selby 

2-U 

2 
1-3 

8 

6 
8 

1' 

6 
3 
2 

2 

2 

l-'J 

2 

2-3 

17 

80 
50-350 
3,000 

1,500 

1,000 

165 

2,600 

500 

350 

6-96 

60 

21 

35-75 

3-100 

« 

Manv. 
43,65 

+16 

Water    alkalhm     warn. 

Yankton  County: 

T.93,R.64 

j^j^™ta«o,l» 

T.98,R.66 

400-421 
498 

600 
619 
672 
524 
645 

80-49 
52 

48 
18 
10 
27 

Yankton  (R.66-56)« 

Fountain  mills 

City  well 

Excelsior  mill;  How  de 

creasing. 
Flow  decreasing. 

Asylum 

College  Hill 

Near  ( Cement  Co. ) . . . 

6  flows. 

Whiting  nursery 621 

'         400-176 

49 

Small  wells;  flow  decrest* 

1 

2mile8we8t i              400 

T.93,R.  57 ,         630,585 

T.  94,  R.  54 482-610 

60 
+17 

ing. 

decreasing. 
Several  flows. 

Vn  flotr. 

T.94.R.66 1         436-648 

T.95.  R.  M '         545,580 

T.95.R.65 '         535,554 

T.95,  R.5(i ,         544-640 

T.  96,  R.  55  « 590 

12 
6 

-■« 

T  %   R   5««                        '                 700 

Many.  ' 

T.  96  R.  57 

505 

2 

5  ' Hard  water:  flow  c>«Huw<d 

J  Rword,  U.  S.  Geol.  Surv.,  17lh  Ann.  Rept., 
1H96.  part  2.  p.  5m. 
»  V.  S.  Gwl.  Surv.  ranker  folio  No.  97. 


sihid..  Water-Sup.  and  Irr.  Paper.  Xo.  84. 

*  Reoonl,  ibiM.,  17th  Ann.  Rept..  1896.  part  2.  pp. 

M,  .'Vh. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  SOUTH  DAKOTA. 

Report  on  Irrigation,  52d  Congress,  1st  session,  Senate*  Ex.  Doe.  No.  41,  part  2, 
pp.  40-65,  Washington,  1893. 

Prelinnnary  report  on  the  artesian  waters  of  a  portion  of  the  Dakotas,  by  N.  H. 
Darton:  United  Statt\s  Geological  Survey,  Seventeentli  Annual  Report,  1895-96, 
part  2,  pp.  609-694,  Washington,  1896. 

New  development  in  well  boring  and  irrigation  in  South  Dakota,  by  N.  H.  Darton: 
United  States  Geological  Survey,  Eighteenth  Annual  Report,  18iH>-97,  part  4,  pp. 
567-615,  Washington,  1897. 

Geology  an<l  water  re^^ources  of  a  j)ortion  of  eastern  South  Dakota,  by  J.  E.  Todd: 
Unite<l  States  Cieological  Survey,  Water-Supjily  and  Irrigation  Pa[)er,  No.  34,  34 
pages,  plates  and  maps,  Washington,  1900. 

United  States  <ic»ological  Survey,  Olivet,  Parker,  Mitchell,  and  Alexandria  folios 
(Nos.  96,  97,  tm,  and  100). 

Preliminary  report  on  the  geology  and  underground  water  resources  of  the  Central 
Great  Plains,  l)y  N.  H.  Darton:  United  States  Geological  Survey  Professional  Paper 
No.  32,  Washington,  1905. 
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Location. 

Depth. 

Diame- 
ter 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

Benton  County: 

Eva 

Feet. 
727 

1,000 

700 

1,100 

+900 
420 

565 
2,000 

600 
600 
591 

2.185 

600 

700 
950 

2,100 

400 
480 

Inches. 
6 

OaUont. 
5 

Feet. 
-19 

Cheatham  County: 

Kingston  Springs 

Coffee  County: 

Tullahoma 

U  nsuccessf  u  1 . 

Oil  well. 

Crockett  County: 

Bells 

Prospect  well;  unsuGcem* 
Abandoned. 

Crockett  Mills 

3 



No  flow. 
-30 

Do 

3 

Many. 

Dickj«on  County: 

Dull  (2  miles  from) 

Do 

3  oil  wells. 

Oil  well. 

Dyer  County: 

D  versburg  * 

140 
130 
100 

Flows. 

Do. 

Do 

Do. 

Do 

6 

+11 

Fentress  County: 

Little  Crab* 

For  oil;  not  found  in  pay- 
ing quantities. 

Hamilton  County: 

Chattanooga 

10-8 

50 

-45 

Hardin  County: 

Lexington 

Saltillo 

36-6  '     Mhhv. 

Flows. 

Sulphur:  temp.,  45°:  bored 
in  1830. 

Temp.,  57°. 

For  oil  or  gas. 
For  gas;  not  in  use. 

Several  wells  for  oil. 

Knox  County: 

Knoxville 

Lawrence  County: 

Iron  Cilv 

12 

Do 

Morgan  County: 

Rugby 

Obion  County: 

Rives           

500 
2,080 

1,990 
1,549 

-30 

Overton.  County: 

Livingston  (just  south- 
west),* 
Putnam  County: 

Cookeville      (2      miles 

southwest).* 
Cookeville      (8      miles 
northeast).* 
Scott  County: 

Elgin   {2k  miles  north- 
west).* 
Glen     Mary    (2     miles 
west).* 
Do           

For  oil. 

Do. 

Do. 

Do. 

1,236-1,340 

600 
1,600 

450-400 

+1.156 

3.000-2.000 

5.S0 

1011  wells:   several  others 
f    in  .Scott  County. 

Helen  wood  (?) 

For  oil;  unsuccessful. 

Shelby  County: 

Memphis 

8-6 

200-100 

Several  wells. 

Do 

1 

Several  wells  for  oil;  aban- 

I'nion County:  (?) 

Hurricane  Creek ' 

donee!. 
Oil  well. 

1 

»Tenn.C<^m.Ag.Oil  Region  Repi.,lH77.  pp.  M,73. 
«  Record.  C.  S.  Geol.  Surv.  Folio  No.  .t3.  pp.  4-/>. 
»U.  S.  Geol.  Surv.,  17th  Ann.  Kept..  1895-96. 
part  3.  pp.  699-700. 


<Tenn.  Slate  Board  of  Health  Bull.,  vol.  5, 1890, 
pp.  98-106. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  TENNESSEE. 

United  States  Geological  Survey,  Seventeenth  Annual  Report,  1896,  parts  2  and  3. 
'*Oil  region/'  Tennessee:  Coinmij^sioner  of  Agriculture  Report,  1877. 
Tennessee  State  Board  of  Health  Bulletin,  volume  5,  1890. 
United  States  Geological  Survey  Folio  No.  53,  Dy  M.  R.  Campbell,  1899. 
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DEEP  BOBIKGS  IN   THE   UNITED  STATES. 
TEXAS. 


(5a 


LmtUm. 

J>epth, 

ecer. 

VJeldper 
minute. 

Height  of 
water 

RemarkM. 

PHlf*iliie 

650 
4a)-U4 

wo 

GOO 
1,800 

580 

TOO 
ftOO 

1,300-1,  SCO 

4^900 

700 
1,000 

1,000 

fiao 

773 

WD 
1,000 

008 

4^1,000 

m 

1,800 
l,17i 
1,474 
1,4IU 
404 
417 

/Bdhfi. 

G 

QaUtmi. 

F*ir. 

100 

-200 

Xoflow. 
-  00 

Do ,,..-...*.._.. 

8evem1  wclM 

Angi'lltiii  County: 

Um-jc^Q                  .,, 

Sttlt  wmt^  mlHiidCMii 

mikin             - -.. 

^.....■p...'i,..*,..~..-- - ^- 

No  w«fw;  fttnodono 

AreherCttjr ,___>* 

0  :       Ftelr. 

-  ao 
Ko  flow. 

AlkMll  wKter. 

Do.!,,..,,*, .J 

Do                       .    - 

ai.lt  Wtttcf  only. 

Tobey           .  <* .-* 

Butrop  Couatyi 

BUtPOp                     ±  ......... iiriE 

1 i 

No  WAter* 

Bell  OmintF: 

BeUoa(«mlleawQHC}  .*. 
Beltoti  (10  milem  lOuUi- 

Bellott  (2  mtles  north- 

Belton(lSmlleawcflt)  ** 
Bdlon  (9  DdleH  ioutb- 

Belton^. -- 

1 

Fl<*w», 
F1q(W*. 

Flow*. 

Fknm. 

FlowM. 

Flown. 
Flown. 

Flown. 
FlriwK. 

Mitny, 

1 

70 

mo 

»I7 

4 

Soil  wmler. 

Belton  (1  rotle  nuth^ 

B^tontlmlleMUih)  ... 

HoLUndO(^mU«Hmtli). 
KlUeen -- 

Ih^i 

10 

Untt  watAT 

-60  ! 

fic^en  ..^<*»*. *,«..»*..* 

FlOWH.   1 

SlSdCl   id    lDll«fi    HOUtll- 

-afi^T 

Fuw. 

Flowji.  1 

Troy               *  mt^*tt*tt 

» 

FloWH.     Soft  wAter. 

Ho ,-..._. 

14 

il3 
1 

1 

Flow?^. 

FIOWH. 

Flows*. 
Flfjwri, 

FJtlWHH 

FtnWH. 

Do               *  ........ 

Bo. 

VoiiiiKTiport  , , .. 

Dii    .*..*,„...,,... 

Younjctiport    ( 1  ^    taUts 

Yomi^tHirt    (utic-  t^air 
mQv  noriJi). 

Anli*.... 

43H 
414 

1 

72«  '.... JUI 

gti2-l,20U  1 ......       .Vi-Li(U 

—    5     Wiiifr-lwaring  bcd»ii 
i    jty?*fi:otbfin^wdtf. 

]>ii 

l.J^ 
4(iii 

Utit  Mil]thi]r  wat»« 
Wiilt  r  at  1,HW  fttft. 

iHi 

1               .w 

m."! 1         vi 

IH* 

I.ICO 

1,000  '. «             'tVi 

1,000 

lioa 

1 

NMltlHituU- 

nVio 

Si 

Hmth). 
J^nii  A  iitouio 

3^t^V'l»riLl    U'l^'ltll. 

EU> . 

ttr)0"7yi 1   fi«i-7(Ji» 

^*0  1,.... !..., 

JNj. 

HiLU  A  111  I  nil  I  >  i2<   miM 

Suii  Aiiioittw 

Do 

Do 

Do 

Sun    Antonio    (3  miles 
north). 
Bosujue  County: 

Cnyott*  (3  miles  north- 
on  *»tK 

Clifton 

Do 


750-7x0  ,. 

•150  |. 

6.57  ,. 

583  . 


640 
700 


1,000 


•2:>o 


Do. 
D<.). 


No  flow. 
Flows. 


iRwonl,  51st  Cong.,  1st  sess.,  Senate  Ex.  Doc. 
No.  222,  p.  262. 

"  Re(!<inl,  Artesian  wnters  of  Texa-H  west  of  the 
dB7th  meridian,  by  R.  T.  Hill:  52d  dMig.,  Istsew.. 
Senate  Ex.  Doe.  No.  41,  part  3, 1893  p.  116. 


170 
Many. 

SReeonl.    U.  S.  Geol 
1896-97,  iMirt  2,  p.  272. 
<lbld..  pp.  290-297, 


Temp.,  70^^. 

.  Surv..  18th   Ann.  R 
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TEXXESSEE. 


i(X*ation. 


unty: 


County: 
oil  Springs, 
my: 

oma 

ounty: 


tt  Mills. 


niiity: 
miles  from). 


ty: 

urg'. 


aunty: 
Crab*. 


?<mnty: 
noc^a  .. 
unty: 
Ion 


ity: 

ille 

I'ounty: 
ty 


unty: 


nty: 


ninty: 

ston  (just  south- 

,2 

)unty: 

•ille      (2      miles 

I  west).* 

•ille      (8      miles 

jeaxt).^  i 

ty: 

(2^  miles  north- 


Mar>'     (2     miles     1. 236-1,  :«U 
1.3 


Depth. 


Feet. 


1.000 

TOO 

1,100 

+900 
420 

2,000 

600 
600 
591 

2,185 

600 

700 
950 


2,100 

•100  I 
480 


Diame-    Yield  per   Height  of  ' 
ter.        minute.       water. 


RemarkR. 


iwrAf*.      Gallouf. 
6  5 


feet. 


-19  I 


!                         1 

3    . 

41  . 

Many. 

No  flow. 
-30 

4  .::;::::;::::;:::;:::: 

140 

130 

6  lOO 


10-8 


50 
Siany. 


500 
2,080 

1,990 
1.549 


v<xxl  (?)  . 
inty: 
lis 


nty: (?> 
ane  Creek ' . 


(;oo 

1..T00 

4.50-400 

^1,15«; 

1.000-2.000 


530 


•200-100 


rnsuecesntful. 
Oil  well. 
Prospect  well; 
Abandoned. 


3  oil  wells. 
Oil  well. 


Flows. 

■'"  +ii" 


I)o. 
I>o. 


.!  For  oil;  not  found  in  pay- 
ing quantities. 


-45  ; 


Flows. 


-30 


Hulphur;  tump.,  45°:  bored 
in  1830. 

Temp.,  57°. 

For  oil  or  gas. 
For  gas;  not  in  use. 

Several  wells  for  oil. 


For  oil. 

Do. 
Do. 

Do. 

Oil  wells;   several  others 
in  .s<;oti  (*ounty. 

For  oil;  unsucfcssful. 


Several  welU. 


K4fv<'ral  wells  for  oil:  alNiU' 
d<ine<l. 


Oil  w<Ml. 


(»m.  Ag.Oil  Region  Rfpl..  1>»7T.  \i\K  .'»4. 7:;. 
V.  S.  Geol.  Surv.  F«>lio  No.  'xi.  pp.  I  :>. 
eol.  Sur\*.,  17th  Ann.  lU-pt..  lhy.'>-'.«i. 
699-700. 


^Tenn.  .Htat«-  Htmnl  of  Health  Bull.,  v«»l.5,  IHWO. 
PI..  <JH-\(fC,. 


ICATIONS  RELATING  TO  DEEP  BORINGS  IN  TENNESSEE. 


States  Geological  Survey,  .^'ventwntli  Annual  i{i?i*ort,  IHW,  jrarlM  *J  mikI  '4. 
?gion,"  Tennessee:  ('ruiiuii.— pirx-r  of  Aifrirultiiri;  \U*\H)rXf  1H77, 
see  State  IVjani  of  Ht-aith  litillHin,  volinne  r,,  \H*M), 

States  Geologic ai  Mirvey  Koiio  S<k  r»:i,  uy  M.  K,  Camplxjll,  IHW. 
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DEEP   BOBINOS   IN    THE    UNITED   STATES.  lx< 

TEXAS. 


Location. 


Anderson  County: 

Palestine 

Palestine  (U  miles) .. 

Do 

Angelina  County: 

Burke  

Lufkin 

Archer  County: 

Archer  City 

Do.» 

Do 

Atascosa  County: 

Tobey  

Bastrop  County: 

Bastrop 

Bell  County: 

Belton  (9 miles  west)  ... 
Belton  (10  miles  south- 
east). 
Belton  (2  miles  north- 
east). 
Belton  (19  miles  west)  . 
Belton  (9  miles  south 
west). 

Belton^ 

Belton   (1   mile  south- 
west). 
Belton  (1  mile  south)  ... 
Holland  ( 10  miles  south ) . 

Kllleen 

Rogers 

Salado  (5  miles  south- 
east}. 
Temple  (1  mile  west)  . . 

Troy 

Do 

Do 

Youngsport 

Do 

Youngsport    (U    miles 

east). 
Youngsport    ( one  -  half 
mile  north). 
Bexar  County: 

AuP' 

Fort  Sam  Houston 


Depth. 


Feet. 

400-444 
560 

fiOO 
1,300 

550 
736 
500 

1,200-1.300 

+900 

700 
1,800 

1,000 

530 

772 

975 
1,060 

1,000 
1,809 

606 
+1,600 

412 

1,850 

1,800 

1,472 

1,474 

1,464 

404 

417 

433 

444 


673 
726  ' 


San  Antonio* 

Do 

Do 

San  Antonio  I  lmil«  west) 

San  Antonio 

Do 

San    Antonio    ( 3  miles 

.s*)Utheast). 
San    Antonio    ( 3  miles 

south). 
San    Antonio    (G  miles 

southea**t). 
San    Antonio    (2  miles 
south). 

San  Antonio 

!>.. 

San   Antonio   cJi   miles  ' 
northwest). 

San  Ant()ni(» ' 

Do I 

Do 

Do ! 

San    Antonio    ( 3   miles  I 
ii(»rth). 
Bosque  County: 

Cavote   (;{  miles   north-  I 
.■aMi.  , 

Clifton 

Do 

Ulceonl.  .Mst  Com,'..  1st  se^s 
No.  -'•-'.  p.  -HVl. 

'''K«'conl.  .Vrtesian  waters  <»f 
^7tfi  iiktUUhu.  by  li.  T.  Hill:  f 
-^iviintu  Ex.  iHn:  So.  II,  juirt  3, 


Diam- 
eter. 


I  Yield  per 
minute. 


Inches.    I  Gallons. 

6  I        Few. 

8-6  121 

6  100 


Height  of 
water. 


FceL 
-200 
No  flow. 
-  80 


8J2-1, 200 
1,250 
46.T 
835  ; 


870 
1,100 


1.900  I 
1,900 


Remarks. 


6 

Few. 

-  50 
No  flow. 

, 1 

Flows. 
Flows. 

Flows. 

Flows. 
Flows. 

F1<»W.H. 

Flows. 

Flows. 
Flows. 

1 

.Many. 

1 

70 

1?3.6 
347 

1 
4 

[ 

10 

Several  wells. 

Salt  water;  abandoi 
I  No  water;  abandoo 

Alkali  water. 

Salt  water  only. 

No  water. 


Many.  , 
Few. 

141 

243 

1  i 


Soft  water. 
Do. 


Flows.  I 
-397 

Flows.     Temp.,  91°. 
Flows. 

Soft  water. 


Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 

FI0W.S. 


Do. 


Water-bearing  beds 
and  3*4  feet:  wat 
398  feet  l>eing  saltj 

Numerous  wellsi. 


Hot  sulphur  water. 
Water  at  l.JsOOfeet. 


I 


."iOO    Several  wells. 

r).')0-715    .'.0(»-T(»0    Do. 

510    ! 


(".:K) 

7r>o-7so 
I.V) 

(m7 

583 


(;i() 


.Miiiiv. 


No  flow. 
Flows. 


Do. 
Do. 


70°. 


.,  Senate  Ex.  Doc. 

Texas  west  nf  the 
2(1  Cong..  Islse-s., 
1^93   i*.  1D>. 


1  Temp., 

:Mie((vnl.    r.  S.  Geol.  Surv.,  18th  .A.nn.  1 

lV»*^-<.t7,  part  J,  ]).  272. 
■•  D'i<l..  pp.  21X>-297. 
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tl. 

Depth. 

yield  iier 

miutite. 

Height  ol 
Wai«r. 

KemATk*. 

ConllDucd, 
ts  ttorth)  .. 
e  west)  .... 
Ilea  north  1. 
|]«  mtah- 

ESW(Wf).._- 

E;w«t)„-„ 

716 
tfTO 
NO 

612 
W7 
700 

700 

780 
AZ» 
17.-^ 
4f» 

4^ 

73!l 
55«MftO 

400 

ZflcAcv. 

220 
60 
ITO 

m 

/to. 

Flows. 

Flows. 

Flows, 

Flaws. 

Finwfl. 
Flows, 

Temp.*  M^.  wft  w&t«r.    - 
Soft  water. 

Do. 

Do. 

so 

T8mp.,m 
8ofl  w%teT, 

eC'foUrthi 

Flows, 

Flows. 
Flows, 
Flows. 
Flows. 

Flows. 

Flows. 
Flows. 

™+=» 
Flows. 

Flows. 
Flows. 

w*tj 

le  north),,* 
1^  -  fouTtha 

Do. 

10 

Vjurth  tnilQ 

Do. 

Dm  north). 

Do. 

EieTemI  weUs^ 

lies  west  J.. 

ao 

1.W 
2001 

Soft  water. 

fve^  fourths 

600 

Di*. 

600 

150-580 

S7& 

600 

Sfl0^«20 

675 

800 
780 
fiOl 
022 

&70 
706 
877 

MM 
1,:!1MJ 

gll^htly  bra4?klah. 

allpv  west}. 

__. 

Flows. 
Flows, 
Flows, 

-  42 
Flows, 

Flow. 
Flows, 

Flows, 

Flowi, 

Flown, 

No  flow. 

Flow*. 

Flows. 

FlOWBc 

Flows. 

-  7ft 



26-45 

1« 

Severn]  wells;  flolt  wttcr*. 

miWeait), 

Soft  water. 

100 

20-160 

170 

40 
IQO 

Do, 

, 

Sererol  welli;  soft  watar.. 

ille  BOUtb- 

Soft  wal«r. 

it*sewit>... 
1m   souta- 

Do, 

^"1    111  Ilea 

1    (I    mile 

(b    mHvH 

Do. 

Do. 

iltps  nnrth 

2 

Abandoned. 

,h  iif  Mill 

31 

g^lt  wtLt«^r  at  500  fcvt 

"  ""to" 

-  20 

t>nre  lltiwtHl. 

5 

-'  tKi    8iiltjrwnt«^r:ii^'rH!jr>JtO[?k, 

s  nnrih)  ^*. 

],liVI 

t 

illtrHVVi'^t  h'^ 

Htmng  pTusvuirv  of  ^ua  at 
tJUO  fiM>t;  Innev  flow  of 
water  with  smrtU  qtwu- 
tiiicit«»rolL 

m^mdoTi  Wi.']];  f(K'k  mlt 

llWfiHir><.. 

Lli".*? 

fmm   &K7   In  lafiO    fctJt; 
iNHi?(hU'rurile  f[niintilleu 
of    e^ulpliiir    walL'r;    no 
trart^iif  oil,. 
Well  Xo.  I  ol  thf   J.  M. 

iwi'jtt  *iC  h'^f  ^ 

l,i:yi 
1.  i>:ti 

Diimonij  Mr«uiid  Oil  Htid 

P\[m    Line    Clumpany's 
well. 

F^Mpeot  Tor  oil:  art^lan 
water  stratum  at  1,000 
feet. 

4 

215 

Flows. 
Flowi' 

S 

onu..   l^t  »;<f<..  Stiiiato  Kx.  I^x*. 
•V.  Bull.  No.  '212,  p.  11. 


3  Record,  ibid.,  p.  40. 
«Ibid.,  pp.  87-88. 
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TEXAS— Continued. 


Location. 


Depth. 


DIune-  I  Yield  per  Height  of 
ter.      !  minute.       water. 


RcmarkSL 


Bnuoria  Caunty— Cont'd. 
Velaseo  (Si  milei  sooth- 
west). 


Velaaco 

Brown  County: 

Brown  wood   (northeast 
of). 

Brownwood 

Do 

Do 

Menardvllle  (near) 


Burlewn  County: 

Bryan  (16  miles  sooth) ., 
Bryan  (12  miles  from)... 

Do 

Do 

Myen 

Do 

Calhoun  County: 

O'Connonportt , 

Do.i 

Port  Lavaca  (8 miles) ... 
Port    Lavaca   (8   miles 

southeast). 
Port    Lavaca  (25  miles 

southeant). 
Port   Lavaca  (24 
southeast). 
Callahan  County: 

Balnl. 

Camert>ii  County: 
La  Parra  ranch  •  . 


FeeL 


miles 


Camp 


mp  County: 

Pittsburg 

Do 

IX) 

Can«on  County: 

Panhandle  City. 
Chamt>«'rs(*i>uniy: 
HiKtt  Mamii'... 
Do.  3 


745 


1,900 

1,988 
1,568 
1,803 
1,100 


870 
835 

8S5 
550 


1,484 
4M 
402 
440 

530 

1,484 


415 

1.500 
490-1.364 

1,600 
l.MU 
1.^6U 


iHchet.   i  GaUtnu, 


/M. 


20-50 


Flows. 


1(M) 


82  ' 


+  74 


2  ' 
2 

2  i 

7  . 

1-2 : 

4-2  , 


Flows. 
+  SO 
+  25 

f  20 


20 


at 

where  Mroair 
was  ■crack, 
abandooment  < 

7wclb. 

Oil  borlnsa:  •dim 


Failore. 
Do. 
Found  waKer,etc. 
now  cared  in. 


Temp..  8y>. 
Tem^,  78®. 

Temp.,  SOP. 
Temp.,  90^. 


Flows.  I 

Flows.  ' 

I 

Flows.  ' 

Flows.  '  S  wells. 


8-1.000 


Flow. 


.  Abandoned. 

For  oil:  abandon 
36  wells. 


6-1 


Many.  L 
Manv.  I 
140 


-  10    Water  from  200  fe< 

-  K 


600 Cnsuccewfui. 


Tiirtli*  Bax-ou 

I>.» 

WKllisvillo 

Winine  iS  miles*  nonh)« . 
duTokoe  I'l unity: 

Cin-k' 

JHCk«4invilU> 

Miifton 

ku>k 

\Vell> 

ChlMrt-v'riUHilv; 

ChiUlrt's* 


610 
I.OUO 

900 

4110 

l.nlO 

tiOO 

?400 

tW 

tJUO 


TO 


Flt>W!« 


l.Jta 


IK. 

Collin  riunily. 

IVIina 

Pflina  .1  mile  \vi>t » 

Frank lort  I'Jmile^SiMith- 
we>l^. 

lA'tianon 

MoKinm  y 

l*n»|K'r  

rnxiKT   ilhrii'-luurths 
mileeH-t.. 
ColoriHloOmnly:  ' 

Colunilin^i ■ 

Con«'ht>r«mnty: 

Eden 


470 
400 
4111 

400 

1..N50 

4T0 


9>7 


111 


Abandoned. 
Oil  at  504  feet,  i 
quantity. 


Test  for  oil. 

1  Choked  with  sand 

.\bandonoi1. 

Do. 
rnsucfes*ful. 

ImprtfOiated     wi: 
and  irypsum. 


Si>ft  water. 


Miiny. 


V)     Salty  water. 


Manv.  I     Ni>  ti«n\ . 
'4  -•J4  4 


S^ft  water. 
Do. 
Do. 


Klo\\>. 

Flows,  j  J>alty  water. 


C<.K.>ke  rounty: 

t;aim"<ville ♦1.  '^-^^ 

IK* N'^* 

m> 4>*» 

IK. 4'tt 

I>.. «f- 

I  r.  .<  (iiN.l.  Surv.  BuH.  Xo.  2l-\  pp.  84-».\ 
«Ihi«l.,  p.  W. 


Oily  water:  aband 


•.»« 


-  40 
-   10 

-    li» 

6l>        Ni»  riow . 
Many.  T 


'  Rw^.nl.  r.  S.  Git.I.  >urv.  Bull.  No, 212, 
*Ibid..  p.  61. 
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TliLKASI^Coiitinued. 


4t. 

Depth. 

Dlaine- 
icr. 

Yield  p«r 
minul^. 

Height  of  ^                d«™»pw- 

lontlnoed* 

Frtt 
700 
WiO 
426 

1,865 
500 

1,875 

JfitAej, 

GtillffUt. 

—  SO 

6 

100 

1 

Holt  water. 

Do. 

Flows, 

nilo^Donh- 

1 

-lOO 

nmi^kiflh  uPMiiii-. 

»  (4  utiles 

1™ 

"Miiiiy/ 

2-20 
175 

No  flow*    SiiUy  water 

1 
— 47i  ' 

Leseast),*.. 

ttO  ,,,.*.,...* 

-  50 
Flow. 

No  flow. 

Boll  water. 

s^evenil  wells, 

Soft  wftier. 

700 
475 
612 
56» 

500 

mi 

fiOO 
423 

mi 

+4f)0 

790-1,000 
7l» 
700 
CT2 
±2,.'i00 
^'iO 
*400 

417 
970 

Ki5 

!,230 

±4e» 

4li 

rioo 

1.176 
4B0 

sIleiwewtK 
satlcAaoQth- 

Do. 
Minpral  iralar 



4 

Flows, 

Uph  north- 

—    A 

ill^  north' 

^n  flow.     s?oft  water* 
Flows* 

^  9h      ^llne  watur. 

OHO 

(19    miles 
e  6Bi;tt  ***** 

70 
Sttitiy, 

Munj* 

-300 
Flow. 

Soft  water. 

1  VVplliJ. 

llld     W£]|t' 

Fliiws. 

FLowfi*     Numerauji  well*. 

Flows. 
FJowiw 
Flnw». 

Much  Hoda  En  water. 
2  wells. 

n 

J5 

r*rtj 

ewjuth)..;, 
illea    wcit- 

70 
Many, 

MO 

Flow. 
Flow*, 

4-  95 

Flow.  1          Do. 
Flown,  1          Do, 
No  flow.     Vety  SAlty  water. 

-  40     Mineral  water. 
-  25  , 

-  2.1  ' 

Flows,  j  Soft  water. 
Flows.  , 
+  15  : 

me  Stfttlon 

iitheiurtj. 
neHtation.* 
»  (1    tnflei 

i      -^ 

1 

He*  east).  „ 

i 

t\                    H 

+  •20 

Do. 

rJir> 1         P'ow. 

I^J6 

8 

Flows. 
Flows. 
Flows. 

2S 

T-^l               f.-l                  I'J 

1(9K»llth),. 

4.VJ 
3:i7 
476 
400-fiH) 
5<l5 

417 

1.2IW 

i,r.H<) 
i.;Mio 

17 

No  flow. 

-  2o 

-  a:j 

^)„,.,.... 

lO-At) 

Flows.  '  Several  wells. 
-  HI 

Flows.  ;  S<jft  water. 

Small  fiiiaiuitio  of  oil 

e-hftifmflL- 
ies  south) .  .- 

3 

ear)  3 

at 

igH  (near)  .. 

1-10 

100-1. 4UJ 

various  depths. 
Flows,     Stfvenil  wells. 
-  2.'»     Salt  waU'r. 

AhandoiH-ri. 
Salt  water. 

rt 

No  flow. 

(01)              

Flows.     Mineral  water. 
\l>an(loiie(l. 

No  flow.     2  wells. 

Nf»  flow.              iKi. 
.  51st  C«.ng.,lsl  W.-WM  ^u«L\fc  V.iL.^ 
p.  2iiH.  26«. 

^ii\                    h    

I(i0 

Many, 
Mjiiiy, 

No.  £^1,  !» 

Cong..  Jpt  M! 
-r.  Bull.  So. 
-05 10 

X.  I>rc. 

L>i»i* 
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[NC 


Location. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

Ellis  County: 

Boyce  (li  miles  west) ... 
Do 

Feet, 

twi 

975 
1,360 

400 
1,400 

464 
2,018 

435 

1,154 
1,154 
1,178 

990 
1,700 

700 

600 
800 
621 

2,285 

1,693 
450 

6a5 

450 
500 
500 

850 

1,080 

403 
000 

2,029 
916  and  800 

7U0 
.SI  5 

Inches. 

GaUoiis. 
11 

Feet. 
Flows. 
Flows. 
Flows. 

Soft  water. 

Do. 

Ferris              

89 

Forreston 

No  water. 

Italy        

i 

-  10 
-200 

Flows. 
No  flow. 

Flows. 
Flows. 
Flows. 
Flows.  ? 

-  15 
-125 

Soft  water. 

Midlothian 

31ilford    

Mineral  water.? 

3Iountain  Peak  (three- 
fourths   miifc    south- 
west). 

Palmer 

Many. 
+9 

Soft  water. 
Do. 

Do 

Do. 

Do 

83 

Do. 

Waxahachlc 

Do 

Do. 

Waxahachie    (6    miles 
southwest). 
£1  Paso  County: 
Fagleflat 

No  water. 

£1  Paso  (northwest  of).. 
£1  Paso  (10  miles  north- 

ea«t).» 
£1  Paso  (5  miles  north- 

ea8t).> 

El  Paso  (1*  miles  east)»  . 

£1  Paso  (8  miles  north- 
east).* 
El  Paso  (16  miles  east)' . 
£1  Paso  (20  miles  north- 



In  granite;  no  wat( 



-2i5 
-172? 

-  15? 

Many  similar  but 
lower  wells  in 
vicinity:  principa 
horizon  is  at  230  f( 
water  below  450  f 

For  artesian   wfttc 

successful. 

Abandoned. 



east)." 

£1  Paso  (25  miles  south- 
east).s 

El  Paso  (35  miles  south- 
east.)* 

£1  Paso  (40  miles  north- 
east).* 

Finlay* 

-410 

• 



Drv. 

Do 

8 
4i 



Ba<l    water    at    89* 

Fort  Bliss  Station 

Fort  Hancock  a 

Many. 

-i:iO 

alMintloned. 
Abandoned;   watei 

Ha.«kell 

12-71 


Few. 


No  flow. 

for  boiler  use. 

Kent    (35  miles    north-" 

weHt).» 
Kent  (30  miles  north)^  .. 

2  wells;  dry. 
Drv. 

Kent  (7  miles  north)^ ... 
Kent 

Do 

400 
1,100 

547 

600 

943 

1,350 

1.100 

H.')0 
546 

600 

40^) 
3.050 

3,3.^ 

-400 

1 . 5(K» 
1.700 

1 ,  t\:n) 

1,500 

::::::;'. 

Do. 

Lasca  (near)  * 



Many. 

-tXX) 
"--m 

No  How. 

Well    abandoned; 

Plnteau^ 

water  at  000  feet. 
Drv 

Plateau  (3  miles  east)'  .. 
Sierra  Blanca  * 

-\bandone<l. 
Bad  water 

Do.» 

Well    abandoned: 

Torbert 

8-5« 
KS-IO 

5i 

70 

-3.-^7 
-2(iO 

-500 

s 
No  liow. 

unfit  forboileriiJ- 
■Vbandoned'  small  h 

Torrenee  ( near) 

of  fair  water  at  C! 
At  milepost  199. 

Several  wells. 

Tt)yali  (00  miles  north- 
west), a 

Vnn  Horn 

Erath  roiinty; 

Diihhn  

Thurher« 

Falls  County: 

Muriin 

14U 

Tomp..  147°. 

Fannin  County: 

Bon  ha  in 

Do 

I)(. 

No  water 

Honevurove 

Many. 
Many. 

Slronj?  mineral  wnt 
Do 

Do 

-    'HI 

Do 

1  Record,  51st  C<^ng..  Ist  sess..  .Senate  Ex.  Doe. 
No.  -m,  p.  297. 

-  Record,   Te.va<»  I'niv.   Mineral    Survey  Bull. 
No.  9.  19m  pp.  9(>-97. 
■^Tr'xtis  hiiv.  Mineral  .Survey  Bull.  No.  9, 1904, 
pp,  109-111. 


<  Analvsis.  alst  Cook.,  Isl  sess.,  Senate  E) 
.No.  222.  p.  272. 
^Rt'conl.  ihKl.,  p.  -I'Mu 
•^  Ibid.,  p.  270. 
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on. 

Depth. 

Diame- 
ter. 

Incites. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

-Continued. 

Feet. 
1,000 
1.200 

GaUont. 

Feet, 
-800 
Xo  flow. 

Salty  water;  not  In  use. 

1,033 

+910 

600-1.650 

1,560 

1,760 

400 

Never  completed. 

ty: 

300 

Flows. 

Flows. 

+    9 

Flows. 

No  flow. 

3-4 
8-4 

Seyerel  wells. 

101 
7 

jr: 

on 

Large  supply  of  water. 
Not  completed. 

ty: 

niles  north- 

1.360 
1,200 

miles  north- 

Sulphur  water  at  800  feet. 
Salt  water. 

MO 
600 
400 
r»50 
620 

Many. 

15 
30 
30 

-  35 
Flows. 
Flows. 
Flows. 

-  20 
Flows. 

miles  ciist).. 

Several  wells. 

miles  south- 

875-ft')0 

726-868 
600 
624 
700 
588 

575 
3,070 

1,346 
810-973 

1,365 
480 
726 

710 

7(W 

700-750 

410-750 

575-1. 5W 

7-25 

yoo 

1,10() 

i.m) 

«W2 

<»i.'> 

ty: 

9 

6-7 
3 
3 
3 

1 

3 
'22-6 

310 

22 

Numerous    wells;    temp.. 

760-78°. 
13  wells. 

14 
40 

;«.7 

Flows. 
Flows. 
Flows. 
Flows. 

Flows. 
Flows. 

Flows. 
Flows. 

Flows. 

^  16 

Flows. 

Flows. 

Flows. 
Flows. 

i  miles  west) 
(one- fourth 

60 
Many. 

400 
Many. 

2.iO 
52 
66 

100 

4^ 
20-75 

Temp.,  781°. 

Brackish  water  at  various 

depths  to  bottom. 
Saltv  water. 

Several  wells;  water  too 

i  miles  west) 

salty. 
Temp.,  84°. 
Temp.,  60°±. 
Temp.,  TT**;  many  wells  in 

vicinity. 
Temp.,  77°. 

Temp..  78°. 
3  wells. 

3 

(IJ    miles 

). 

3-4 1 

6  wolls 

ston 

3 

70  each. 
+  104 
+  104 

Flows. 

-  16 
-r  16 

-  ;V> 

Several  wells. 

2i 

h* 

nile  Routh)" . 
miles  west). 

Abandoned. 

Many. 

Flows. 

Pure  water. 
Fine  water. 

2.  TKX) 

t»«;() 

-.^00 

r.o() 

Kin 

\m 
5:.(i 

Many. 

-  40 

.•Several  wells. 

miles  north) 

No  flow. 
No  flow. 

To'^urfajo. 
Flows. 

-1S» 

Many. 

LiKnilic. 

miles  north) 
ity: 

(tcxmI  water. 

ion 

«'i 

4    layer*   of    salt    water: 
aban«l(»ne<l. 

cas  Ge<jl.  .Siirv.   1th  .\nn.  \W\*\., 


ibid.,   pp.  K7-101.    r     .<. 
Kept.,  1H99-Iy0l>.  part  7.  i 


•  .\nalvsis.  etc..  ibid.,  pp.  102-10:i. 
••Hec<)rd.  V .  S.  Geol.  Surv..  18th  Ann.  Kept., 
IMHi-uT.  part  2.  p.  272. 
f  ;.<.l.  "  lbi<l..  21st  Ann.  Kept..  1x99-1900.  part  7,  p.  197. 

J..  K»2-  '  Itecord,  5lsl  Coug.,  Isl  v«iss.,  ^Y\«LVvi  lLx.\K>^. 

No.  'm,  p.  265. 
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DEEP   BORINGS   IN    THE    UNITED   STATES. 
TEXAS— Continued. 


[NO.  1411 


Location. 


Hamilton  County: 
Hamilton 


Hico. 


Do 

Lanham 

Do 

Do 

Hardin  Ck>unty: 
Batson 


Depth. 


Feet. 


Saratoga^ ' 

Do.« I 

Do.» ' 

Do.* ! 

Saratoga  (3  miies  west)  ^.  i 


Sour  Lake  (3  miles  north- 
east).* 
Sour  Lake& 


1,365 

1,200 
470 
500 
600 

885 

995 
700 
600 
1,700 
958 


Diame-  .Yield  per    Height  of 
ter.      I  minute.  I     water. 


Inchee.   I  Gallons,  i 


Feet. 

-125 
No  flow. 


Remarks. 


Water  only  at  350  feci  to 

-8  feet. 
Waterat210,  300.  GOO.and 

900  feet. 

Abandoned. 
Do. 


4  ' I  Produces  50  barrels  of  c 

i  I      daily. 


I 


Do.«. 
Do.T. 


1,284 

1,400 

725,080 
1,500  I 


1 


Do.« ,  1,000-2.000 


Harris  County: 

Cedar  Bayou 

Do 

Do 

Do 

Houston 

Do 

Do 

Do 

Do 

Do 

Houston  (3  miles  from ) 
Houston 


Humble . 
Do... 


558  I 

600 ; 

727  ' 

610  I 

1,006  ,. 

A^  ' 

564  I 

850  , 

5(X)  or  less.  . 

700  . 

(m  . 

2.025 

600  i 
1.000 


Libbie  well. 

Conroy  well. 

Texas  geyser  well. 

Some  oil  and  2  streanuiof 
hot  water  encoontend; 
the  first  stream  had  tem- 
perature of  lOO^andwfl 
found  at  988  feet;  the 
other  stream,  at 950 feet, 
was  hotter. 

Oil    and   gas;   some  salt 
!     water. 
I 
Oil-bearing  horizonsatM) 
feet  and  1,4C0  feel:  hot 
sulphur  water  encoun- 
tered at  several  levels. 
Several  wells;  unp^odu^ 
tive. 


5  1 
30, 


Flows. 

Flows.  I  Temp.,  76°. 


120  , 

130 

200 


Flows. 
Flows. 
Flows. 
Flows. 


Do. 


Fine  water. 


Do. 


Do. 


l^porle 

Do 

Strong  Junction 

Zimbi^' 

Do 

Harrison  Countv: 

Marshall  ..: 

Marshall  (ymilo  south  j. 
Hartley  Countv: 

Hartley  .." 

Hays  County: 

San  Marcos  1" 

Hi<lalKo  ('(Minty: 

Brown vi lie"    (fw)  mi  j  cs 
northwest). 

HfdalKO.... 

".MaKUeves"" 

Vale(»...' 


4.>l 
41U 
450 
4W 
520 

1.000 
4r)0 

410 

1.  190 

70 

700 


42    Temp.,  70. 

H-4 I^rge  .«?upply  of  water:  gas 

at  1,600  feet. 
3i             50  '        Flows.     Fresh  water. 
6-2i ITospect    for  oil:  unsuc- 
cessful. ., 

lU-6 Produces  100  barrels  of  oil 

I  1  daily:  gas  present  iin"" 

,      creasing  amounts  below 
I  '      (m  feet. 

,  ITospect  for  oil:  little  g*^ 

at  (iOO  feet;  wat€r-lH;ur- 
ing  l>eds  600  to  6Tt^  f^'^'^ 
and  1.150  to  1,200  feel. 


No  water;  abandoned. 
Do. 


3 
3 
3 

41           Fhnvs. 
.s(»           Flows. 
4S                -r      •) 

No  Mow. 

6-4 

-".'"> 

l.(XM 

4:i.s-i»4 


10-" 


Flows. 


Very  slightly  salty. 


Watersat  128.191. (vVi.  U'')' 
1.291,1.345,andl.47r>Iet'i- 


Test  well. 

No  water  l)elow. 

:>  wells. 


•  Record. r.S.<ieol.Surv.  Bull.  No.'J]2.pp.  120-121. 
-r.  S.  (ie«)l.  Surv.  Bull.  No.  212,  p.  121. 
M<e<'or«l.    bid.,  p.  ."^9. 
♦Ibid.,  p.  60. 

^'pHrthi)  rvcorn.  ibid.,  j).  110. 
^Keconl,  ibid.,  p.  117. 


•  r.  S.  (Jeol.  Surv.  Bull.  No.  212.  pp.  117-1^- 

Ml)i(l..  p.  US. 

»Keconi.    etc..   Texa^  <ieol.   Surv.    4th    Ann- 
Kept..  I.sy2.  p.  H»7.  „     . 
J'-Heconl.  C.  s.  (kol.  Surv..  18lh  Ann.  Kep»- 
lS9iV-*.^~,  VV- -^"--^- 
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Deptb. 


UK 


VieMper 
minute. 


Height  of 

Wttter. 


Bvmftrk*. 


le*!  unrtb) 


?jf«ttifctj  ,., 


4ge 

sou 

532 
l.flOO  , 

500  ' 
3,146  I 

1,§00  ' 

IpOUO 
4^ 


Infka. 


•outh). 
i^* 


lleii»outlk- 

;.„ I 

7^   ra  1 1  c  n 


415 

890 

BOS 

'J,  am 

400 
],370 

40^i 

son 


*. ..„J  l.OOU 

.,. 7CS-tJatf 

ArBpEndie-   1.400-JpU7l» 


jkhOtt 


(3  mllui 


lilc  west ) . 
lilcswcst) 


ilessrmth). 
ilessouth- 

lilessouth- 

ilesDorth- 

ilesHouih). 
k     miles 


miles 
miles 


1,.SOO 
TjOO 
465 
970-1,003 
520 
568 

420 


es  8f mth) . .  I 
)ne-half 

>ne-half 
irest). 


Tew* 


M.7 


Flow*?. 
Flows'. 
-20O 
Flowi^ 
Flows. 


160 


a 


Flown. 

FlQWi, 

FlciWH, 
430 

No  flow. 


MkUy. 

m 


-190 

-loa 


Al-3 


Jinny. 


Flowi. 

Flows. 

Koflow. 


Floww. 


Many. 

70 

Many. 


FAlture: 


Boft  water 

emill  supply  of  water. 

Water  tAjitea  Hke  altim. 

Salt  water  at  SOO  feet; 
abandortLtl. 

Soft  wat^r, 

Ev  Id  enires  of  qJ  L  at  AS2  ieeV. 
arteslao  water  at  1,000 

leet. 


Foroll;  untuecejulul^ 
water  at  230  and  2G0  feet ; 

gftaat240and  400  feet. 
OU  well, 

•im}  pntdudng  well^i. 
It  wtillji:  tifj  oti. 

^i  dry  and   abandoitcd 

wellM, 
Few  small  pockets  cd  oU. 
Ml(ji*rHl  wttterv  temi*,,  ft0°. 
Abandoned. 


4"'4 

5(H) 

(SIS 

5^') 

420 

5yo 

60-2 

:::::::::: 

No  How.  :  Soft  water. 
No  How.  ■         Do. 
-40  to  -70     Many  wells. 
No  flow.     Soft  water. 

-1G«  i 


Many. 

Many. 

15 
18 

65 

12 

Many. 
45 


-160  I 

-271  ' 

Flows. 
Flows. 

t'lows.  ' 

Flows. 

No  flow. 


Do. 
Do. 


Do. 


GwmI  water. 
Soft  water. 


Flows. 


Do. 
Do. 


Do. 


eol.  Snrv.  Bull.  No.  212.  {*]>.  74-75. 

V.  Bull.  No.  212,  pp.  77-85. 
pp.  «8-102. 


ftU.  S.  Geol.  Surv.  Bull.  No.  212,  pp.  103-101. 

«lbid.,  p.  126. 

'  Reoonl.  ibid.,  p.  112. 

« Ibid.,  p.  113. 
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DEEP  B0SIKG8  IN  THE  UNITED  8TATE8. 
TEXAa-Continued. 


txaM. 


Location. 


Depth. 


Diame- 
ter. 


Yield  per 
minute. 


Helffhtof 
water. 


Johnaon  County— Cont'd. 
Joshua  (8  miles  west) ... 
Joshua  (6  miles  north- 
west). 

Keene 

Rendon  (2  miles  north) . . 
Riovista  (1  mile  north- 
east). 
RIoYista  (8  miles  east) . . . 
Keames  County: 

Keames 

Kaufman  County: 

Kaufman 

Kauftaian  (1  mile  north- 
west). 

Terwin 

Kerr  County: 

KemriUe 

Kerrville    (9|    miles 
northeast).' 
Kinney  County: 

Austin  (near) 

BrackettTille   (7  miles 
from).* 

Spoffora  Junction 

Lamar  County: 

PariM 1 

Do ; 

Lasalle  County:  . 

Cotulla* ' 

Do 

Do : 

Do , 

Do , 

Cotulla  (8  miles  south).. 
Lavaca  County:  ) 

Halletlsville ' 

Liberty  (bounty:  j 

Daytou* 


JM. 


685 
424 

7S0 
685 

480 

540 

1»800 

460 
600 

2,200 

1.825 
1»100 


/HCA€t. 


GaUoM. 


400 
404 

1,700 
I 
444  j. 
1.860  |. 

825  '. 
1,010  >. 

852  I. 

800  ,. 
1,006   . 


Do.  6. 
Do.^. 


Keno . 


SlilM.)!!* 


Limestone  County: 

l<ilanrl« 

WexJa 


Llano  County:  ' 

Llano  (9 miles  southeast) 

NcLennan  County:  i 

Bnieeville i 

Do ' 

China  Springs I 


Do. 


Crawford  (4  miles  west). 

Do 

Do 

Do 

Eddy 

Farr  (2  mles  south) 

Hannosa 

Lorena f 

Lorcna  (5  miles  west) ... 

Lorena 

McGregor 

Do. 

Do 

Mc<iregor  (5  miles  west) 
Moody I 


300-600  ! 

1,900  I 

500-1,000 
1.200 

700 

500 
(nearly) 

+800 
1.33;i 


500 

1,500 
l,.%i 
1,380 

1.100 

l.UOO 

1,040 

945 

1.060 

J,.VV> 

l.OtkS 

\,7:V) 

1.495 

760 

l,49r» 

1  — 

470 

991 

490 

1.A08 


i7n  I 


Many. 
Many. 


No  flow. 
-180 

-800 
No  flow. 
No  flow. 

-178 


70 


Several. 


Several. 


Many. 


55.5 


Many. 


i:j9 


-  60 


-  76 
"  66 


—    6 
Flows. 


Soft  water. 

Do. 
Do. 
Do. 

Do. 

FUluie. 

Do. 
Do. 

Good  water. 

Good  water  at  7801 
Granite  below  UOf 

Several  wells. 

Failure. 
Abandoned. 

Bad  water. 


Flows. 
+    6 


—100 
Flow. 


Do. 
Temp.,  MP  F.; 
saline  water. 
Bad  water. 


alkallM- 


.1  J.   M.  Quffey   Petroleum 

I     Co.'s  well. 

. ,  Taylor-Dayton  Co.'s  wells. 
.'  Rook  salt  from  800  to  1,:»0 

I      feet. 
.1  No  water  below  90  feet; 

I     abandoned. 

.i  2  wells. 


+     2 


Dry. 

Oil  or  ifas  prospect:  aban- 
doned: some  water  at 
512  leet. 

Coal  prospect :  abandoned. 


+125  ! 
Flows.  I  Soft  water:  temp.,  «P. 
Flows.     Another  flow  at  800  feel: 
;  ■      temp..  102®. 

40  1         Flow.  '  2  (?)  wells. 
31  I Soft  water. 


31  1. 
140  ,. 


oO 

208 

10 

139 

Manv. 

Few. 

Manv. 

139 


34.S 
Manv, 
6'.*  > 


Flows. 
KJows. 


Do. 

Temp..  72«>F.;  2  welK 
Soit  water. 

Do. 


Flow«. 
Flows. 
Flows. 
—  10 
Flow«. 


—  11 
No  flow. 


Soft  water,  temp.,  100°. 
Soft  water. 
.Salt  water. 
.Soft  water. 
Do. 


Do. 
Soft  water. 


» Record.  Artesian  waters  in  Texas  west  of  97th 
meridian,  by  R.  T.  Hill.  52  Cohk-.  l!!>t  sess..  Senate 
£x.  Doc.  No.  41.  part  3.  p.  99.  Another  authority 
gives  2,700  feel  as  depth 

*C.  S.  Geoi.  Surv..  18th  Ann.  Rept.,  189^-97. 
part  2,  p.  271. 


«  Record,  ibid.,  p.  278. 

« Texas  Geol.  Surv.  2d  Ann.  Rept.,  1891,  p.  71; 
analysis,  .Mst  Cong.,  l.st  scss..  Senate  Ex.  Doc.  No. 
•222.  p.  272. 

*  Record.  I'.  S.  Geol.  Surv.  Bull.  No. 212. pp.  46-17. 

•U.  S.  Geol.  Surv.  Bull.  No.  212.  p.  24. 
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TEXAS-Oontinaed. 


Location. 


McLennan  County: 
Moody 


Do 

Ocee  (ImileeMt) 

South  Bosque  (8  mllea 

west). 
Wacoi 


Waco  (5  miles  west). 

We»t 

HcMullen  County: 

Tllden 

Do.« 


Tilden  (12  miles  south)  > 

Marion  County: 

Jefferson 

Matairorda  County: 

Bay  City  (10  miles  east)* 


Maverick  County: 

Eagle  Pass* 

Do 

Medina  County: 

Hondo  

Do 

Menard  County; 

Menardville 

Milam  County: 

Bailey  ville 

Baileyville     (3 

west). 
Branchville     (4 
eajit). 

Do 

Maysfleld 

Tbomdale 

Do 

Mills  County: 

Goldthwaite 

Do 

Do 

Mitchell  County: 

Colorado* 

Montague  County: 
Belcl 


miles 
miles 


BeTcherville . 

Bowie 

Bowie    (one-half 
west). 
Montgomery  County: 
Wilburton 


mile 


Depth. 


Ftet. 
1,800 

1,460 

1.096 

450 

1,812-1.862 

1,470 
1,690 

475 
600 

900 


802 
+900 


l.fi08 
400 


1.000 
1,500 


1,176 


800 
831 


Conroe 

Nacogdoches  County: 

Chireno* 

Nacogdoches 

Nacogdoches  (13   miles 
southeast). 
Navarro  County:  i 

Coreicana 

Corsicana  (3  miles  west ) . ' 

Do I 

Conicana 

Do 1.000- 

Do ' 


700 
1.366 
1,790 
3,200 

663 
tiOO 


1,120 

900-1,200 
700 
600 


917 

1,236 

840 
400 
436 


Diame- 
ter. 


Yield  per  Height  of 
minute.      water. 


Inches, 


8-4 
41 


4J 


10-7 


10-7 


OaUon$, 


160 

1 


51-400 


847 

200 


Few. 


Many. 


Many. 


No  flow 
now. 

-  15 
Flows. 


Flow. 


Flows. 
Flows. 


Flows. 


Flows. 


-176 


No  flow. 
Flows. 


-  6 

-  84 


Flow. 
-160 


50 
Many. 


Do 

Do 

Do 

Do 

Newton  County: 

Call 

Do 


'2,5(K)  • 
•2,:H)0 
'>,  477 
1.200 
•2,4H3 

2,150 
2, 487 
2.500 
1,035 

700 
79<i 


Remarks. 


Soft  water. 


NnmerooB   wells;   temp., 

108O. 
Pure  water;  temp.,  90°. 


Salty  water. 

Strong  flow  of  brackish 

water,  with  gas. 
Small  flow  of  strong  salt 

brine. 

Sulphur  water,  but  good. 

Small  quantities  of  oil, 
and  at  900  feet  the  gas 
became  unmanageable 
and  well  was  aban- 
doned; gas  not  utilized. 

Salty  water. 

AtMUidoncd. 

No  water. 


Oil  boring  unsuccessful. 

Failure. 

Water  very  salty. 


No  water. 
Do. 


Several  deep  salt  wells. 
3  wells;  soft  water. 


Flows. 

-H  10  i 


Pnxlucea  50  barrels  of  oil 
dally. 


In  progress. 
\Vaterat6Miind 393 feet:  oil 

at  212.  312.  32S,  and  3tiU 

feet. 


208 
Many. 
+  194:4 


Several  wells. 
Many  oil  \vell«». 
+  150,,  Water,  gas.  and  oil;  temp., 
126°. 
Oil  at  1.100  feet. 


+  85 


Several. 

87 


Flows. 
Flows. 


Temp..  126°  f. 
Oil  well. 


»  Record.  51st  Cong.,  1st  sess..  Senate  Ex.  I)<)c. 
No.  222.  pp.  265. 269;  analysis,  p.  271. 
«  a.  S.  Qeol.  Surv.  Bull.  No.  212.  p.  18. 
•Ibid.,  p.  127. 


*  Record,  51st  Cong.,  1st  seas.,  Senate  Ex.  Doc. 
No.  222,  p.  286. 

*  Record,  U.  8.  Geol.  Surv.,  18th  Ann.  Rept..  1896- 
97.  part  2,  p.  265. 

«  Record,  La.  Qeol.  Surv.  Rept.,  1902,  p.  l'2t>. 
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TKXAS— Ci>rjliriui?d. 


Ijonttian. 

Di^pth. 

Dlnme- 

minute. 

Height  of 
wiiter. 

RemATkL 

Kuece*  County: 

1.000 
500-750 

/              6wl 

1              625 

+675 

AUc^?  (ncar)^,.... _* 

Coldria 

Corpu«  ChristI  (10  miles 

west). 
CorDUs  Christ! 

ScTi^nLl  Wtfilfl'^  stru 

80 
150 

Flows. 
Flows. 

tmiAO.  floWL 

I                   1 

j>o 

1,765 

525 

560 

402-1,240 

485 
498 

500 
402 
440 

488 

1,797 
590 
683 
770 
683 
987 

1,797 
770 
987 

2,000 

400 

420 

543 

±1,000 

1,280 

i.oa) 

+  1,100 

+  1.200 

fxil 

GOO 

1.400 

l.J<00 

4tO 
400 
S34 
514 

Hl>.V91«i 

1,000 

-     5(H) 

I.'jOO 

4«>0 

5NV(.1'0 

510 

900 
400 
8(MI 
I.IMJO 
740 
400-lf)0 

1 
I 

'.'.'.y.'.v.Vj 

50 

300 

100 

5-100 

1 
1 

69* 

Mineral  water  at  ab) 

Do 

feel  only. 

Do                         

Flow. 

+  23 
+  23 

-50 
-•250 

73  wells. 

Palo  Pinto  County: 

Gordon 

1 

i 

y.'.'.v.'.'.'.'j 
1 

Salt  water. 

Do 

Salt  water  aud  gas. 

Parker  County: 

Wealherford  • 

Do 

Good  water. 

Do      

Do 



18 
Manv. 
20 
Few. 
20 
28 
16 
16 
30 

-250 

-600 
-539 

No  flow. 

No  flow. 

Pecos  County: 

Drvden  

Ik)  :::!:.:::..!.... 

Longfellow 

Lozier 

Pecos' 

Do     

Do. 

Do 

1 

1 

71 

Do. 

Do  

Sanderson  * 

Sanderson 

Nt)  flow. 

No  water. 

Polk  County: 

Moscow  (4  miles  from) .. 
Valdrt 

4 

Manv. 
45 

Flows. 

VhUIh  (5  miles  west  of)^ 
Valda              

Flows. 

Flows. 

10  to      12 

-  2;i 

-  2:i 

-  ,'10 

Flo\>s. 

Abandoned. 

Presidio  County: 

Vuleniiiu' 

1 

Many. 

so* 
Many, 
Many. 
Many. 

40 

■MfO 

'.» 

](M-J(K) 
104 
ll>4 
;vl7 

Many. 
Many. 

No  water. 

Ked  River  County: 

Clarksville            

Bracki.'ih    water:    a 

Do                       

doned. 
Saltv  water. 

Do 

Do 

4 

s-o 
y-:V 

12 

Sally  water;  gas,  ah 

Do 

Do 

Do 

Soft  water. 
Saltv. 

Reeves  0»unty: 

Pecos  1 4  mi les  west ) 

San  Martina ''. . . 

No  flow. 

Tovah 

Flows. 
Flows. 

Flow. 
Fl.)\vs. 
Klous. 
Flows. 

No  flow. 

:ut 

K1..W. 

Flow. 

-  'JO 

-  20 
KKt 

N..  tl..w. 

Houv. 

Flow. 

Sulphur  water. 

Do 

Refugio  County: 

O'Connor  Ranch         

3  wells. 

Refugio ' 

Refugio 

Do 

4 

1 

1 
4 

Roberts  Crmnty: 

Miami 

Sevenil  wells  in  coi 

Robertson  County: 

Hremond 

Calverl- 

Do  » 

S(tme  water. 
Several  wells. 

Calverl   (.5  miles  soulh- 
ue>t). 

Do 

Svveral  wells  in  vie 

Calverl  1  r>  miles  wot )  . . . 

Do 

p-r»niklin 

Hearne 

Manv  wells  in  vicii 

Do 

."^L'veral  wells. 

Do 

Do 

Hearne  (8  miles  south).. 

450-700 
300-700 

'^  , 

3-l(t 

-  !U-  f  10 
Fh.ws. 

Do. 

»  r.  S.  Geol.  Surv.  Bull.  No.  212.  p.  18. 

-Record,  nisi  Cong.,  Isi  sess.,  Senate  Fx.  Doc. 
No.  •2-'2.  p.  2t>t>. 

^Record,  etc.,  U.S.  Geol  Surv.,lMh  Ann.  Repl.. 
hs9»»-«»7.  pan  2.  p.  2»»7. 

Mbid..  p.  274. 

«>  Record.  V   S.  Geol.  Surv.  Bull.  No.  212.  p.  54. 


'^Te.\a>  liiiv.  .Mineriil  Survev  Bull.  No.  '. 
pi>.  im)-lll. 

•  Recortl.  i"»Nt  Coim.,  1^1  soss..  Senate  Ex 
No.  2-22.  pj>.  ■J66-2«>7. 

'■Recor<l.    Irxas  (ieol.  Surv.,  4lh   Ann, 
lsa2.  1).  loy. 
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Ml. 

IH.p.h.      jl"-- 

Yield  per 
minute. 

Height  of 
water. 

Reraark.<<. 

y— Cont'd, 
niles  north- 

Feet.          Inches. 
300-700   

Gallim*. 
8 

2-12 

Few. 

Many. 

60 

Feet. 
Flows. 

300-1.000   

Several  wells. 

ounty: 

ne  (6  miles 

ne  (2  miles 

nty: 

415                 6 
700   

+  30 
Flows. 

Flows. 
Flows. 

Good  water. 
Oil  te<«t  well. 

983    

>  miles  east- 

1,975            10-6 
400    

Artesian  water  at  1,030  and 

nty: 

Few. 

1,216  feet;   oil    well   in 
progress. 

900    

-  80 
+  10 

+    500                  4 
1,150                  6 
1.207  1          41-6 

+    500    

526-«)0    

3 

In  progress,  1901. 

3 
Many. 

15-250 

-100 

Flow. 

7  wells. 

c 

1,.|00              

Failure. 

4«0 

Several  wells. 

800    

Oil. 

Strong  mineral  water. 
Soft  water. 
Do. 

1,480    

21 

lUes  south) . 

602i 

406    

Flows. 

No  flow. 

-  20 

Flowed 

once. 

-130 

No  flow. 

-160 

mile  north), 
le-half  mile 

486    -- 

Do. 

420    

Many. 

4a5 1       

Do. 

486  1 

446             .... 

3 

Do. 

uiles  north - 

Do- 

ailes  south- 

430 - 

No  flow.            Do. 

niles  from)-. 

484                   2 

442  1 

4:^0    

460    

-134 

-142 

-  60 

-  90 

Do. 

5* 

Many. 

MVfSt) 

s  northeast). 

Do. 

■JHl    

4o()    

-  50 

4(>.'>    

1)50-1. 4()0             10-4 
4,000    

SO 
140 

Flows. 
Flow. 

Several  wells. 

No  How  below  1.200  feet; 

7W)    

I.'JIK)    

480                  4.1 

534    

+     400    

ArA          

+  20H 

Flows, 

temp.,  140^  ul  3.250  feet. 

(Smiles 
h  (10  miles 
(12  miles 
(7   miles 

j^oft  water. 

-4jO 

1 

No  flow 

hkt't    

A'M) 

-  2.S             Do. 

lie  south )... 

-25;>  1           Do. 

liles  south- 

480      

3 

1       -^" 

4(H)      

4:»7      

4;io   

.'K) 

-  r»o 

1 

Temp.,  l^^-.  soft  water. 

Soft  water. 
SuJDtiur  water. 

e-half   mile 

mile  south), 
mile  uorth- 

1.200    

MK)     

5l«i    

,            5t5 

Mows. 

—  72 
1            -   10 

e-hall   mile 

.V.>o    

150 

Flows. 

I. 

Man  waters  of  Ttxa?<  wist  (A  '.»7tli 
T.  Hill:  52(1  (  otJt'..  IM  se>^>..  Sen 
41,  part  '6.  i>p  lovjfx; 
jg. ,  1st  fos. ,  >cnu  t  f  E  X  .Dm-    ,\  o . 


»  Rftonl.  Artesian  waters  of  Texas  west  of  97th 
iiHTKlian.  by  K.  T.  Hill:  52d  Cou^.,V^V^vi«s,.,'S«.w- 
Mle  K.X.  D(X*.  No.  U,  patV-'i,  V-  ^^' 


154 


DEEP  BORINGS  IN   THE   UNITED  STATES. 
TEXAS^— Oontiimed, 


Ix>c«Uou. 

D«|iUi. 

Diame- 
ter. 

Yloldper 

minute. 

EeiKhtof 
witer. 

Retuarb. 

Tarrant  Coutity— ConliiiUed- 
Rfinclol  (il  mllc»  iioiitli- 

420 
506 

hie 

m 

2,223 
+2.000 

900 

2.020 

1.2M0 
1,300 

m 

1.4B0 

700 

2,(fiS 

1.97& 

i             2,063 

1.2K» 

/»*Ac*. 

OaUora. 
i 

Flows, 
Flows. 

Bott  wftter. 

HAndol   ^onc-liiLlf   mil  a 

4 

Do. 

north). 
Timber -.. 

31 

Salt  y  water. 
Poor  wiit^r. 

yViihh .. 

-160 

Taj  lor  Cdiiritv: 

Abilene „.>„,,, 

Do , 

Merkel ,,.. 

Tom  Qtt^tt  County: 

San  An^elQ- . . .  ^ 

Tmvlii  County: 

Ausiln   iV\Uh   and  Jn- 

175 

Flows. 

Aiulln  ifti^ylum).... 

A  u*liu  { poorhoiue) , , .  - , 
Austin .., 

& 
5 
5 
U 

175 

+1M 

No  flow. 

THi... ..,,.,„„ 

Austin     (EftEt     Firth 

iiTtet). 
Atutin  (natatorium)> ... 

Austin  {ftsjlum)". .< 

Austin' 

!>!>_... „,; 

Flows. 

Flows. 

+*0 
-5 

In  piY]ti«as  IW7: 

10^  and 

7-6. 

water- 
Main    Sow  at  U 
temp.,  100^. 

Manor* ,,. 

2,220 
400 

+900 

6 

1 

No  ftow.  1 

Temp,,  »3^. 

{l<}unclrock .  .** . .... .  *** . 

WjiUera...,-. _.,.. 

Trlnilv  County: 
Trinity 

Few. 

Sully,  sulphur  wil 
Dry  hola. 

Tyler  County;                           , 
Kouiitxe  (16  milei  wett) . 

1.737 
1SS4 

&-4 

2  mi  les  from  Xedu 

Uvalde  Count v: 

3«h!nHl... « 

529 

512 

I.UOO 

between  Ruthsj 

rvaldv ..-.. 

IHI...., 

Few. 

-8.1 
No  flow. 

Valvercle  County; 

t'omHtttek      (20     mUt» 
froml.» 

^^  1  __.         *       . 

Di4  Rio  7. 
Ik'l  Hr  >'>r^*li'?in"rthT. 
Del  Rio  ?8soutn).. 

VhuZmi! 

Myrtle  Springs 

Wills  Point 


460 

tiSO 
1.100 


-^60  I 
-300 
Flows. 


Victoria  County; 

Victoria 815-956 

Do.  8 953 

Do 1,045 

Do tk; 

Victoria ( 17  miles  .south ) .  592 

Victoria  (20  miles  south-  704 

east). 
Walker  Coiintv:  i 

H  untsville' 2, 210 

Ward  County:  | 

Barstow +500 

WashinjiTton  County;  | 

Rreiihain ,  600 

Webb  (  oiimy:  \ 

Kncinul IHX) 

Laredo I  1,200 

Wharion  County; 

Tierce i  1.509 

Pierce  Station •     850  or  900 

WilbarK'er  (^)uniy: 

Vernon  " I  (V^ 

Do ,  (V) 

'  Record.  V.  S.  Geol.  Surv.,  Ihlh  Ann.  Rept., 
189<>-97.  part  2,  pp.  280-283. 

'V.  S.  (Jeol.  Surv.,  I8th  Ann.  Rept.,  lS9(i-9T. 
part  2,  pp.  280.  281. 

Mbid..  pp.  280.  284, 

<  Rcconl.  ibid.,  pp.  285-2.^6. 

^  Record.  T.  S.  Geol.  Surv.  Bull.  No.  212,  p.  57. 


6 



70-200 

Tosur-  1 
face. 

Flow. 

:::::::::. 

80 
10 
10 
30 

Many. 

Flows. 
Flows. 
Flows. 
Flows. 

-100 
No  flow. 

9-3 



-200 
No  flow. 

Flows. 

.. 

2 

1                     1 

Mlttt^nil  ir«tem. 
Sulphur  water. 
Cnsuccessful. 

3  wells. 


Failure. 
Good  water. 


«  Record  51st  Conj?  .  Ist  sess  ,  Senate  E 
No.  222,  p.  2h4 

•  r.  S.  Geol.  Surv.,  18th  Ann.  Rept..  1896- 
2.  pp.  2(M.  299. 

"Record.  V.  S.  Geol.  Surv.  Bull.  No. 212. 

"Aiinlyvis,  Texas  Geol.  Surv,, -Im  Ann. 
189.:.  p.  105. 


IBTON.J 
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TEXAS— Continued. 


Location. 


lliamsoD  County: 

Comhill 

Georgetown  (2 miles 

east). 
Gravis  (U  miles  soath).. 

Roundroek 

Taylor 

Do 

Do 

Ison  County: 

Gonzales  


Do. 


Gonzales  (1  mile  north) . 

vSutherland 

«  County: 

Newark 

Park  Springs 

Khome 

w\  County: 

Mlneola^ 

alia  County: 
BatesviUe 


Depth. 


FM, 


Diame-    Yield  per 
•  ter.      I  minute. 


4(M 
520 

412 
1,400  I 
1,400 
2.800  ' 
1.500 
I 

1.400  I 

625 
1.135 
1,500  ; 

410 

400 

1,400 

1.200 

700 


Inches.      OcUUmi. 


15 

s 

104 

27 

15 

15 

10-8 

30 
Many. 

(V-3 


1 
Many. 


Height  of 
water. 


1 


Feet. 


-282 


-  96 

-  4 

Flows. 

Plow. 

+  40 

+  60 

Flows. 


+  14 
-  60 


-  40 
-800 


Remarks. 


Sulphur  water. 


2  wells;  poor  water. 
Seyeral  wells. 

Flows  at  660.  960,  1,800, 
and  1.400  feet. 


For  oil;  unsuceessfuL 
Temp.,  65P. 


»  Brown  coal  and  lignite:  Texas  Geol.  Surv.  Rept.  1892.  pp.  132-135. 

INCIPAL    PUBLICATIONS    RELATING    TO    THE    UNDERGROUND 
WATERS  OF  TEXAS. 


leport  of  F.  E.  Roesler,  division  field  agent  for  Texas,  letter  from  the  Secretary 
Vgriculture  transmitting  a  report  on  the  preliminary  investigations  to  determine 
proper  location  of  artesian  wells  within  the  area  of  the  ninety-seventh  meridian 
I  east  of  the  foothills  of  the  Rocky  Mountains,  Fifty-first  Congress,  first  session: 
ate  Ex.  Doc.  No.  222,  pages  243-319,  Washington,  1890. 

te|M)rt  of  E.  T.  Dumhle  on  the  existence  of  artesian  waters  west  of  the  ninety- 
enth  meridian,  etc.,  Fifty-first  Congress,  first  session:  Senate  Ex.  Doc.  No.  222, 
^  99-102,  Washington,  1890. 

Preliminary  reports  on  the  artesian  wells  of  the  Gulf  coastal  slope,  by  J.  A. 
yrley:  Texas  Geological  Survey  Fourth  Annual  Report,  1892,  pages  85-113,  Austin, 
3. 

►n  the  occurrence  of  artesian  and  other  underground  waters  in  TexaiJ,  etc.,  west 
the  ninety-seventh  meridian,  by  R.  T.  Ilill,  report  on  irrigation,  Fifty-second 
igress,  first  session:  Senate  Ex.  Doc.  No.  41,  part  3  (Final  Geological  Reports), 
es  41-166,  plates,  Washington,  1H93. 

f^ogy  of  the  Mwards  Plateau  and  Rio  (Jrandt*  Plain  adjacent  to  Austin  and  San 
tonio,  Tex.,  with  reference  to  the  occurrentre  of  underground  waters,  by  Robert T. 
I  andT.  Wayland  Vaughan:  United  States  Geological  Survey,  Eighteenth  Annual 
X>rt,  1896-1897,  part  2,  pages  193-321  and  plates,  Washington,  1898. 
Geography  and  geology  of  the  Black  and  (iraud  prairies,  Texa.'^,  with  detailed 
eriptions  of  the  Cretaceous  formations  and  Hi)e('ial  reference  to  artesian  waters,  by 
r.  Hill:  United  States  Geological  Survey,  Twenty-first  Annual  Report,  1899-1900, 
t  7,  pages  1-649,  Washmgton,  1901. 

Hi  Fields  of  Texas-Louisiana  Gulf  Coastal  Plain,  by  C.  W.  Ilayt^s  and  William 
finedy.  United  States  (Ecological  Survey  Bulletin  No.  212,  Washington,  1903. 
■eology  and  water  resources  of  northern  Louisiana  and  southern  Arkansas,  by 
C.  Veatch:  Prof.  Paper  U.  S.  (iool.  Survey  No.  46.     (In  preparation.) 
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UTAH. 


Location. 


Beaver  County: 
Milford 


Boxclder  County: 

Ogden  (50  milea  west) . . 
Utah  Hot  Springs 


Cache  County: 
Beniion 


Benson  ward 

Cache  Junction. 
King 


Logan 

Logan  (9  miles  north- 
west). 

Logan  (SW.  isec.l)  .... 

Smithfield 

Davis  County: 

Bountiful 

Bountiful  (2  miles  nortli- 
west). 

Lay  ton 

East  Bountiful 

Farmington 

Hooper  ( near) 

Kaysville 


Syracuse 

Woods  Cross. 


Emery  County: 

Desert , 

Green  River 

Green    Kiver  (18  miles 
west). 


Green    River   (1 
north  west). 
Iron  ("ouiiiN : 

Lund 


miles 


ParaKoimh 

I^arowaii  1 4  miles  north). 
Juab  Couniy; 

Fi^h-^prin^rs 

Kane  Connty: 

JSulphnrVpriiiKs 

Millanl  Conniy. 

Clear  Lake 

Fillmore 


Depths. 


Piute  County; 

Circleville 

j^alt  Lake  County: 

liriRhton 

Drajter 

Eldorado 


Do 

Salt     Lake    City    (Kio  1 

(irande  and    Western 

R.R.).  i 

iralt    Lake    City    (Ciah  | 

Liglil  and  Power  Co.  i. 
Sail  Lake  City  (Inland  ' 

Crystal  Salt  Co.). 

Salt  Lake  Citv 

Do ". 


Do 
Do 


Salt  Lake  City  (11  inil«- 
north). 


Feet. 
400-470 


780 
600 


460 

480,510 
430 
480 

400-480 
480 

496 
410 

400 
580 

500 

30-600 

±2,000 

1,088 

500-574 


Diamc-    Yield  per   Height  of 
ter.      ,  minute.        water. 


Inches,    i  Gallons. 
2-411         7-20 


I 


400-1,000 
500 


1,400  t 
1,335 


r)i>oi 


•101»,-111 

.■)(H) 
AM 

1..%.^. 

i.07;i 


*>-20  I 

9.')()  I 
(KK) 

1,105 
500-7r)0 


50 


3    . 
1* 


8-20 
50 


Feet. 
+li-2 


No  flow. 


Remarks. 


Good  soft  water: 
ature  of  6ow  in 
well  is  80°. 

Salt  water. 

Test  well  for  ga 
heavy  pressun 
below  500  feet. 


+18     Good     water;    I 
'      Uthia. 


+3-12 

+4 


,  Good  sulphur  wa 
I  Good  water,  so 
I  and  gas;  temp. 
I  Good  soft  water. 
Do. 


No  water. 


n-lii 


Few. 


2 
2-3  ! 


10-30  , 


+  10-30     Many  wells. 

I  For  oil:  unsucces 

27  i  Good  hard,  ciear 
+2-6  j  Good  soft  water: 
ature  of  flow  ir 
well  id  62°. 


'I' 


30  I 


Flow. 
Flows. 


6    . 

W-Al  . 


Good  water,  trac< 
and  sulphur, 
ture  of  flow,  54< 


Flows. 

—  15     Mineral  water;  n 

T-74     Considerable    su 

1      the  water,  also 

I      iron  and  mngm 

Flows.  I  Alkaliuewaler;tt 


— G  I  Water   contain.^ 
amount    of    si 
I      and  dissolved  s 
Cool  water. 


r)00  1 

., 

+  10 

-12 

No  tlow. 

Verv  hard  water. 

400  1 

r.5o   .... 

ii 

10 

Hard,  salty  watei 

400-1,  3J"> 

•21-1      .. 

(.iooi\  water 

tiOO 

In  pioKress.  test 
water,  prospeet 
ing  oil. 

i 

1 

)  11.. w 


4 

0-4 


T.'O 
110 
1-0 


<i<M>d  .M)it  snlphi 
icmp  ,  70°. 


.S)ine   sail   and 

ttinp..  60*^. 
rc'ni[>erature  of  f 
(icK.d   soil    waiei 


Suvcral  wells. 
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tlon. 

D«pth. 

Diame- 
ter 

y  kid  per 

Bemaj-kH. 

FffL 
1,001 
4a2 

loaj.nuo 

2,700 

m 

DOO 

AOO 

500 

iUMi 
4M 

«» 

4.1) 
4U0 
40Q 
410 

100-1,  wjn 

Inrhft. 

fiOl^CHUL 

m. 

§ 

5 

+5MJ 

Slight  amount  of  wnlphiir 
and  irod  In  wftter. 

■""""" 

2-i 

+« 

Wnter  soft,  ullghtly  alka- 

Unp. 
Abiiiitlftn  I  flupplyol  woier, 
A  bill  n  d  {J  n  1  hI 

h 

8iirffti*e  wiitcr  only. 

Manv  w<Hl8oi  mmv  f1^?pth. 
Giioii  water. 

Fork    .  *.*  - 

i 

'Y 

2 
2 

12 

'* is' 

-41 

FlOMTS, 

now*. 

Flowjs. 

S(*f  t  wa  ter  w  i  th  «1  i^bt  trace 
of  flilphur;  temp,,  ?i°. 

[>rl[  (4  mlLpH 
Tk .....__. 

Go<iil  buft  WAU^r. 

60 

ft 

70 
40 

Plows. 

VERMONT. 

lunty: 

ri 

1,255 

410 
430 
490 
496 
1,400 
495 

8-6 

8 
8 
6 

8 

VIKGI 

amy: 

-  15 

-  15 

GO 

1  Allen 

110 

-100 

21 

Flows. 

NIA. 

unty: 

I  (brewery)  .. 

1  (ice  works). 

mty: 

430 
401 

1.138 

460 
6% 
4»H) 

5(f0 

4-100 
*K)7 

2.254 

1.172 

G20 
5(i() 

ri:i< 

r^K) 

716 

Virtriiiins,  bv 
.  7:n-7:'.6:  .\"i 
.  i»i>.  :is()-;m 

8 
8 

5 
5 
5 

6 

90 
20 

400 

10 
60 
9 

75 

'^ 

-  50 
-  60 

-  30 

* 

aavluni) 

mile  east) 

ily: 

Springs 

County; 
each 

5e' 

:)0 

Not  any. 

2 
Many*! 

Several. 

Not  anv. 

.M) 

3  Record 

Miecord 

pp.  384-38 

f    17 
-  20 

Flows. 
No  How. 

Flows. 

Drilled   in    1864:    Baline 

water  flowed  at  591  feet. 
Saline  water. 

Haltv  water  at  1.820  and 

Point  * 

2.131    feet:   horizons   of 
water  not  tested  at  630, 
9^.5.    1,5'20.    1,630.     1.915, 
and  1,945  feet. 

y- 

1 
1 

n* 

mty: 

Water  at  270 feet;  rock  bc- 

lt)W. 

6 

W.  B. 

1.  Inst. 
;   r.  S. 

4   23 

,  U.  S.  Geol. 
.Am.  Inst. 
6. 

ology  of  the 
york.  IhSl,  j.j 
Trans.,  vol.  21 

Surv.  Folio  No.  80. 
viining  Eng.  Trana.,  vol.  24, 

11.  No.  i:^'^.  I),  ir.7. 

..  N.  J.  fiiMil.  Surv..  Repi..  l*-'.»^.  pp. 

ieol.  Survey  Fvho  No.  f»o. 


•Record.  U.  S.  Ge<)l.  Surv.  Bull.  No.  188,  p.  178.. 
«N.  J.  Geol.  Surv.,  Kept.,  1899,  pp.  86-87.  J 
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I» 


VIBGINIA-0}ntinaed. 


Location. 


Depth. 


Diame-  Ivield  perl  Height  of 
ter.     I  minnte.      water. 


Semarks. 


Greene  County: 

StanardBTille 

Henrico  CcHinty: 

Ck>tnian 

Richmond  (paper  mill ) . . 

Richmond     (Sherwood 
Park). 

Richmond    (Ginter 
Farm). 

Richmond , 

Jamea  City  County: 

WilliamMmrR 

Lancaster  County: 

.     Lancaster 

WindmUl  Point 

Norfolk  County: 

Lambert  Points 

Norfolk  (Money  Point).. 

Norfolk  (waterworks).  >. 

Northumberland  County: 

Dymer  Creek* 

Fairport* 

Rcedville 

Nottoway  County: 

Crowe 

AllisonU 

Delton 

Dublin 

Pulaski 

Do 

Princess  Anne  County: 

Viislnia  Beach  » 


Rockingham  County: 

Harrisonbunir 

Roanoke  County: 

Roanoke  

Warwick  County: 

Newport  News* 

WIhc  County: 

Stonega 

TomH  Creek 

Wythe  County: 

Faster  FallH 

Mis<.'ellHni>ouM: 

Onk  Springs 


1,160 

780 
400 
900 

400 

445 

876 

+400 

4no 

616 

662 

1,76U 

607 
662 

6m 

500 

400-1,200 

+400 

475 

400-600 

1,200 

600 


420 

1,200 

600 


400 


Juchei.      QaUtma. 


I 


40 
Several. 
Not  any. 

Many. 


6 


8-« 
8-« 


8 


Not  any. 


65 


7ft 

85 

Few. 


Not  any. 
25 
100 


Few. 

100 


1  .Seveml. 


F\ut. 


No  flow. 


No  flow. 


+  28 
Flowfl. 
Flows. 


Flows. 
+    8 


Flow. 


-SO 
-10 


For  oil;  nosnceeaa 
Ingimnite. 


Small  supply  of  wi 
102  feet 


Abandoned. 

Temperature  about 
Ferruginous  water. 
Saline  waten  at  k 
hoxiaons. 


Temp.,  78®. 


Several  wells. 
Abandoned. 

Several  wells. 


Only    small 
water. 


-10  ' 

I 


-  4  I  Not  in  use. 

I 
No  How.  , 

No  ilow.  ! 

1 
Flows.  , 


1  Re<>onl,  U.  S.  Geol.  Surv.  Folio  No.  80:  No.  l.te, 
p.  172;  X.  J.  Geol.  Hurv.  Kept.,  1899,  pp.  87-92. 

« Record,  etc.,  N.  J.  Geol.  Surv.  Kept.,  1899,  i»i». 
92-102;  U.  S.  Geol.  Surv.  Folio  No.  80. 


"Ueoonl,  r.  .<.  Geol.  Sur>'.  Bull.  No.  138.  ] 
<N.  .1.  <ie<)l.  .^iirv.  Keut.,  1898.  pp.  121-122 
^  V.  S.  Geol.  Surv.  Folio  No.  HO,  p.  4. 


PRINCIPAL   PUBLICATION    RELATING    TO    DEEP   WELLS   I] 

VIRGINIA. 

Artesian  well  prosiKJcte  in  the  Atlantic  Coastal  Plain  rc^non,  by  N.  II.  l)j 
Unite<i  StateH  (ieological  Snrvey  Bulletin  N<j.  13S,  232  ]»a^es,  W)  plates,  Was 
ton,  189(5. 

United  StateH  Geologiciil  Survey  Folio  No.  SO,  by  N.  11.  Dart  on. 

washin(;t<>x. 


Location. 


Adams  County: 
Cunningliam . 


Con  null  . 


n.mth«      ,   I>>a"i^"-    Yield  pt-r,  HtiKhi  of 


Remarks*. 


'        Fcti..  Inchrg.      (.»«//««>'.  '       /•>*/. 

.'  426  I  (3    -  S.'H)     Soft    water:     .suppl 

I  j  .  (Teasing. 

Eureka  Flat  (80Uthea.st  I         200-900   Several  welK 

of  Snake  River).  i 

Franklin  Ccninty: 

-r>tO     Fann  supply:  wft 
1      teinp(?rature  of  wt 
I      moutli,  51°. 


676 


I 


ON.] 
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WASHINGTON— Continued. 


Location. 


Depth. 


Diame-  Yield  per 


minute. 


Height  of 
water. 


Remarks. 


klin  County— Cont'd. 

oimell  (6  miles  south- 
cast). 

onnell  (8  miles  south- 
eai*t). 

onnell  (west  of) 

'asco  * 

Do 

lye  Grajw  (near) 

lilphiir  (6  miles  south). 


ulphur  (Smiles  south). 


iilphur  Lake  (6  miles 

north), 
reon  County: 

unction  City , 

'ort  Discovery 

*ort  Townsend ■ 

»ort  Townsend  (3  miles  j 

from).  I 

»ort  Townsend  (9  miles  I 

from).  I 

»ort  Townsend  (15  miles  . 

frf)m). 
*ort  To  wnsend  ( 18  miles 

from).  I 

^ort  Townsend  (near)  .. 
ip  County:  i 

^ori  Blakely 

itaa  County:  I 

illleniihurg  (2   miles  < 

northwest). 

Rtwlyn 

Port  Discovery  (4  miles 

northeast), 
ens  County: 

t'olvlllc 

lawalla  County:  j 

Walla  Walla , 

imaCountv:  I 

North  Yakima  . . . 


I 


Do. 
Do. 


Do. 
Do. 


Do. 
Do. 


Do.  a. 
Do... 
Do... 
Do... 

Prosser  . . 


Feet.       \   Tnchea. 
674  ! 


420(?)  '. 


OattoM. 


627 
401 
400 
675 
1^76 


575 


Many. 
Few. 


6-« 


676    . 


800 

800 

1,060  , 

1,500    : 

1,100 
700 
900 

1,300 
410  I 
700  I 


4i 


500 


700   Many. 

1,230    


700 

564 

625 

K2fi 
626 

82^  I 
570 

1.020 

1,200 


10-6 

6  ; 

5|-3 


I 


130 

+1 


4-24 


6 
6}-2} 


404  ()        .Manv, 

r)»4-^'>  8,  (land  :^       Many. 

6.T0  Mhiiv. 

l,or>()  r)-;ii 

910  r>-4   

500  Manv? 


Feet. 


Flows. 


i\       Flows. 


-  6 

-40 

Flows. 


Flows. 


+40 
Flows. 


+  4 
+20 


+80 
Flows, 


Flows. 
Flow. 
Flows. 
+  110 
Flows. 
No  flow. 


Braden  well. 
Brummond  welL 
Many  wells. 


Good  supply  of  water. 

Mineral  (?)  water  at  600 
feet,  wnieh  rises  100  to 
126  feet;  pump,  2k  inch: 
black  basalt  most  of 
way. 

Not  very  good  supply  of 
water;  in  basalt;  Duni- 
gan  well. 

Little  water. 


Abandoned. 

Do. 
For  coal;  unsuccessful. 

Do. 

For  coal;  unsuccessful. 

Do. 

Do. 
Well  at  Fort  Flagler. 


UnsuocessfuL 


Water  irony. 

Temp.,  67°;  Irrigation. 

Temp.,  74°:  flow  decreas- 
ing; sulphurous. 

Temp.,  78°;  soft  water. 

Soft  water;  used  for  irri- 
gation: temp.,  74°. 
Do. 

Soft  water:  used  for  irri- 
gation; temp.,  (50°. 

Soft  water:  used  for  irri- 
gation: temp..  75°. 

Soft  water;  used  f<»r  irri- 
gation: temp.,  81°:  sul- 
phurous. 

Several  wells. 
Temp.,  71°. 


AVEST  VIKOIMA. 


•xmr  Count  v: 
Elk  Creek  ( l>elow  Phil-  i 
lppi).3  I 

Phllippi  (4  miles  west)  *. 


-4   miles  north- 
west.^ 
-  near*» , 


1.1»15 

i 

2, 594    

VM    

.541     

2,725    

lecord,  U.  S.  Geol.  Surv.  Bull.  No.  108,  p.  39. 
bid.,  pp.  56-58. 

lecora,  W.  Va.  Geol.  .Surv.  Kept.,  vol.  1   (a), 
p.  318. 


For  oil  or  gas. 

Do. 

For  oil. 

Do. 

Show  of  oil  at  1.376  feet. 


Mbld.,  pp.  346-348. 

Mbid.,  vol.  2,  pp.  357-358. 

« Ibid.,  vol.  1  (a).  1904,  pp.  344-346. 
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I.o?ation. 


Berkeley  County: 
Martinsburg.. 

Do 

Shanghai 


Boone  County: 

Racine  (township) i 

Racine  (near)* 

Boyd  County: 

Catlett     Creek     (town- 
8hip). 

Central  City  (vicinity) .. 
Braxton  County: 

Bulltown 

Bumsville 

Bum8ville  (oppoflite  B. 
&  O.  station).' 

Burnsville     (2     miles 
northeast).* 

Fallsmlll 

Rosedale  (and  vicinity)*. 

Sutton    (li    miles     oe- 
low)«. 
Brooke  County: 

Bethan  V  (2^  miles  north- 
west ).t 

Bethanv ' 

Bethany  (2  miles  below)» 


Bethany  8 

Cross  Creek  district »  . 
Wellsburgw 


Do." 

Township  unkno\\ni 

Cabell  County: 

Central  City  (one-fourth 
mile  back  of  C.  and  O. 
depot  ).i- 

Central  City 

1)0.1' 

( Viitnil  City  Township  . 
(Jrt'onboito'm  To\vnshipi-«| 
H»uitin.irton  Township'*. I 
Huntington j 

Dn 


Dep  h 


I^. 


485 
460 
714 


1,335 
1,401 


2,025 


1,676-1,775 

1,000 
2,760 
2,282 

2,800 
2,920 
1,000 
1,610-3,275 
2,725 


2,273 


Diame-   Yield  per.  Height  of 
ter.        minute.  ,     wa^er.     , 


Rexnarkji. 


Inches.   ;  Gallonti. 


Feet. 


Abandoned. 


Few.   '  Sulphur  water  at  18 

'  {      aoandoned. 

Show  of  oil. 


I 


I  2  oil  wellj*. 

Salt  well. 
I  Small  flow  of  oil. 
Oil  and  gas. 


[ , I Oil  and  gas;  2  wells 

Salt  well. 


1,577 
1,609 


1,546 

765 

1,217 

1, 310 
766 


2,900 
2, 770 
2, 970 
2,  .ViO 
1,977 
2. 97.') 


Several  wells;  oil  or 
Oil  well. 


Dry. 

\  "Drj-  hole." 
"Oil   and   gas  in  t 

Berea."  about  a  3 

rel  well. 
5-barrel  well. 
For  oil;  unproductix 
Numerous  deep  ga.** 

now  run  out. 
Gas  well. 
Dry. 

For  oil  or  gas. 


Flows.     Some  oil. 
Small  flow  of  gas. 


1, 

9:{.>-2. 

1. 


143-2, 
212-2, i 


Milton  ian<i  vicinitv)'^^.. 

Toms  Crt't'k  Township  .. 

Calhoun  County: 

Ayors  }»ost-6ftict'  \  1  mik* 
west)."'' 

Bear  Run  i*"- ' 

Cairo  ( ].')  miles  south) »'  .1 
rjrantsvlUe      (3      miles  , 
westK'- 

KluMla  (vi('inity)i^ '  2 

Ki<'liar«lson  ( vicinity )2".,,  2 

Slierman  district  -' i 

Do.-t-' 

Sprinp  Fork  of  Yellow  ' 

Creek."*  I 

On  Yellow  Creek  (Jaek-  , 

son  farm).-"' 

Clay  County:  ' 

Bii,'  otter 


1  V.  S.  (ieol,  Surv.  Folio  No.  72.  p.  1. 

2  Kecord.  \V.  Va.  Geol.  Siirv.  Kej)t., 
1904.  pp.  499-5U0. 

M»)i<l..  p.  891. 

♦Ibid.,  pj..  392-:m. 

'Ibid.,  pp.  ;iSH-:39(). 

C'Ibid.,  vol.  1.  1SI>9.  pp.  209-270. 

'  Ibid.,  vol.  liai.  19tM.  p.  233. 


'2m 
776 


Hi-r.i Oil  jkrospect:  unsuccf 

much  water  at  \>o\ 

s^r.   

Several  oil  and  g«is  w 


2, 150-2,2>S9    Oil  wells. 


73<5 
KM 
640 


K.H1 

.901 


•Drv  hole." 
Oil  well. 
For  oil  or  gas. 

Several  oil  wells. 

Oil  well. 

For  oil  or  gas. 


vol.  1  (a). 


1- Record.  W.  Vn.  < 
1901.  pj».  t^.VI'.H;;  V .  S 

13  Ibid.,  vol.  1.  pp.; 

iM'.  .>'^.  (M-ol.  .""^urv. 

I''  Rec«)r(l.  W.  Va. 
llK)i.  pp.  4si^llt:,. 

!••   ■  ' 


ol.  Surv. 
irol.  Surv 


..lio  No.  H 
M)l,  Surv. 


Rept..  vol 
Folio  No.  e 

i9.  p.  3. 
Rept.,  V(d 


Mbid 


32' 


Ibid.,  p. 
Ri'cord. 


232. 


2d  (tcoI.  Surv 
Ohio  Geol.  Surv, 


Rept., 
Rej.t.. 


vol.  1 


l.VtK. 


vol.  6. 


'^'2x. 

1 '  Record, 
pp.  :i37-339. 

"  Record.  Pa.  2d  Geol.  Surv.  Rept..  IW^'..  part  2, 
pp.  783-7H4;  W.  Va.  Geol.  Surv.  Rept..  vol.  1.  p.  'MM 


X'lbid. 
1' Ibid. 
iMbid.. 
I'Mbifl.. 
2"Ibid.. 
•^^  Ibid.. 
!«Ibid. 


pp.  39l-3'l\ 
p.  397. 
pp.  3W.--1U1. 
pp.   lUl-KiJ. 
vol.  '1,  i>.  3%. 

1.    iMil.    19( 


-tlbid..  vol.  J.  pp.  39V 


1.  pp.  39«;-;.^97. 
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ation. 


Depth. 


Diame- 
ter. 


Yield  per 
minute. 


Height  of 
water. 


Remarks. 


-Continued, 
d     Clendenin 
iy  between ).» 
n  County  line*. 
>untv: 

(t-Officedland 
southwest  and 

Creek  (2  miles 
>l  from  mouth)* 

leaD* 

*oint    (1   mile 


Feet. 
2,614 

2,422 

2,796 
2,843 

2,5J0  ' 

2.7fiO  I 
l,d50 


Jncheg. 


OaUomt. 


Feet. 


I 


•int  (neHr)7....i  1, 910-2, MW 

m) 

tatioii    (three-  I  1,H79-3,0H5 
to    2    miles 

ict » ■  2, 595-2. 7K2 

e-L.ewiMCountVif  2,180 

ar).'«  \  '1,'Ml 

:rkt" 2,257-3,314 

r  district »« 2,750-3,193 

n\     Post-office  I  2,081 

w)Utheast).i* 

\>st-<)ffice     (  2  I  2, 500 

uthwest).'*        I 
)  (vicinity)'*.. 


Post -Office  (U  / 
le  north  west). 1*1 1 
in     station' 


I  district".. 


2,158-3,206 

2,791-3,131 

2, 773 


-20 


iear)2o. 

'(i* 


mile  I 


illc 

?st).»' 

)n  tlisirici«... 

;  miles  norih- 

milesabove)" 
2J  miles  north- 

iear)2« 


2,930 
2,670 
2, 723 


I •••• 


Prodaced  2  iMirrels  of  olh  a 

day:  well  abandoned 
For  oil  or  gas. 

Gas  well. 

Gas,  1.869  feet:   oil,  1,905 

feet;  gas,  2,835  feet. 
Oil  well. 

Gas  and  oil. 

Gas.  1.890  to  1.895  feet;  gas 

and  oil.  1,902  feet. 
Several  oil  wells. 
Sulphur  water. 
7  wells;  for  oil  or  gas. 


6  wells;  for  oil  or  gas. 
2  wells;  lor  oil  or  gas. 

13  wells:  for  oil  or  gas. 

8  wells:  for  oil  or  gas. 

"Good  Injun  gas  well." 

For  oil  or  gas. 
••30-barrel  well." 
"10  to  20  barrel  well." 
For  oil  or  gas. 

9  wells;  for  oil  or  gas. 
4  gas  wells. 

Gasat 2.771.  2,778. and 2.800 
feet,  so  strong  that  drill- 
ing had  to  t>e suspended. 

For  oil  or  gas. 

Gas  well. 

For  oil  or  gas. 

6  wells:  for  oil  or  gas. 


on   (3  and   3i 
uthwest).*-' 
lies     north 


2,047-2.906 

2.655  ! j For  oil  or  gas. 

2.4M  I ! I Oil  well. 

2,770   ' Foroilorgas. 

2,800   1 1 '  Large  gas  well. 

2.800-3,2%  ' ■ 6  wells;  for  oil  or  gas. 

2, 207  I For  oil.    unsuccessful 

account  of  water. 
2.  \%i  . 
4  1.715  I 
2,479 


ty: 


I 


Fork  ol  Sand 
-reek  (n  oa  r 
ounty  iine).-<* 


541 

fKl3  ' 

:,895  ' 


Practically  dry  hole. 
"Big  gas.  1.750  feet." 


For  oil  or  gas. 


'.  Va.  Gool.  8urv.   Kopt..  vol.  l(n), 
75. 

173-474. 
287--2>i8. 

Ol.  Surv.  Rept..  vol.  1,  pp.  :«2-;«l. 
Hd..  vol.  l(ft).  IWl,  pf».  282- '283. 
281-282. 
1.  pp.  328-332. 
1(a).  1904.  pp.  30'2-30l. 
297-300. 
i». 

2>«-292. 
J92-294. 
8. 
K). 

1,  p.  335. 
1(a),  1904.  p.  '297. 
1.  pp.  32.5-.3-2t;. 


Mhi.l  .  vol.  1(0),  190I.PP.2K5-287 

'J  Ibid.,  p. 282. 

^•n)id..  vol.  1,  pp.  323-324. 

:>Ihi«l..  vol.  I  (a).  1«.»04.  p.  301. 

-ir»i(l..  pp.  ^90-297. 

i'lbul..  p.  301. 

M  1)1(1.,  vol.  1.3'22-323. 

•■n>Kl..  vol.  1(a).  1904,  p.  298. 

:Mt)id..  vol.  I,  pp.  326-327. 

i'  Ibid.,  vol.  Ka).  1904.  pp.  282-284. 

^  N\ .  Va.  (K-ol.  .Surv.  Repi.  vol.  1,  | 

f"  Record,  ibid.,  vol.  Ka),  1904.  pp. 

»'lbid..  p.  .Wl. 

"  Partial  record,  ioid.,  vol.  2.  pp.  661-662. 

•'•'IbKl.,  p.  622. 

"Record,  ibid.,  vol.  1(a).  1904.  pp.  602-503, 

wibld.,  pp.  3^0-381. 


kcpi.  *«M.  1.  pp.  258-259. 
a),  1904.  pp.  300-301. 


49—05- 
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Locatton. 


Gilmer  County— Continued. 

Qlenvllle  district  1 

Do.« 

Glenville* 

Do 

Joescro»ings 

8touUMill« 

Stouts    Mill     (2    miles 
northeAKt).* 

Stouts  Mill  (near)* 

Stumptown  (and  near).' 
Tanner  (1  mile  west).*  .. 

Troy  district* 

Greenbrier  County: 

,     Ronceverte 

Hancocic  County: 

Ciiester  (44  to  7  miles 

80uibeafit).i<> 
Fairvtew  ( 10  miles  nortli- 
eastof  Manininon)." 

Grant  district *> 

Grant  disirict 

Holidays  Cove  (nesr) »». . 

KinR  Creek  (along,  in 

Turkey  Foot  fteld)." 

New  Cumberland 

New     Cumberland     (2 
miles  east) .1* 

Poe  district  >• 

Harrison  <>>unty: 
Bridgeport 


Depth. 


Diame- 
ter. 


FeeL 
2,678-«,-218   . 
2,908  '. 
2,412 
800 
2,830   . 
694    . 
2.898    . 

2,672  . 

1,215-2.668  . 

2,710  . 

2,276-3,204  . 

800    . 

1,090-2,266  1. 

1,999    . 

1.470   . 

960.980    . 

1,296  I. 

1,201-1.2%    . 

I 


Inches. 


Yield  perl  Height  of 
minute.       water. 


Oallons. 


FM. 


Remarks. 


Brown  (I4  miles  north- 
east)." 

Browns  Mills  (near)'*... 

Cherry  Camp  (near) »». .. 

Cherry  Camp  ( viciniiy  )*• 

Clarasburg 

(5  miles  east)  I 

(4  miles  souih) | 

(2  miJe«  norlh).*'  ...|| 

C  u  n  n  i  n  X  h  a  m    K  u  n  | 

(heart;  " 
Gypsy  (1  mile  east)" I 


+600 
1,198 

1,700 

±2,500 
3,685 


1, 
3, 
2,556-2, 
1, 
2, 

t  l 

i 


(2     miles  I 


Jarvisviile. 
Lumberpon 

easi)." 
Marithviiic      (i      mi 

norinweHt).* 
Olive  (i  miles  west)* 

Peoria.. 

Wesi  Mil  tot  d  (neai )" 

West  Millorrt« 

Salem 

SardiK  ivieiniiy)-'*.  . 

Sardis  district '^•* 

Nos.land  2 ■*.... 


2.600-2, 
2, 


000 
347 


3,03>s 


SimpHon  Creek  (3  miles 
Irom  mouth). 3' 


3, 
2, 
2. 
2, 
2. 100-2, 

2,  742-3, 

2, 930. 3, 

2,828-2, 

2, 


160 


10-ti| 


Many 


Flows. 


Several  wells  for  oi 

Oil  and  gas  weU. 
For  oil  or  gas;  abai 


.  Oil. 

I 

Several  oil  and  gta 
.  For  oil  or  gas. 
Several  oiland  ga: 

I  For  oil;  abandonee 

8  oil  and  gas  welUi. 

Heavy  gas  at  1.99 

show  of  oil. 
For  oil;  unproducti 
2  wells. 
Dry  hole. 
7  wells. 

Gas  well. 
Oil  well. 

For  oil.  unproductJ 

2  oil  wells. 


For  oil:  unproducti 
"  Dry  hole.'' 
Several  oil  and  gas 
Some  gas. 


Many. 


Flows.  I  Sail  water. 


Oil  and  gas. 
•  I  '*  Medium  gas  well. 
.    Gas  well. 


I 


'Three  million-fo( 


I 


I  weiiinBiglnjuo: 
I  Numerous  oil  welie 
.    Gas  well. 

..  Oil.  '•40-barrel  wcl 


Oil:  "275-t»arrel  W€ 

300  I  I For  on  or  gas. 

225  I , I I  LiuieKHS;  show  of 

460 I  Do 

«00    1 '  OH  wells. 

081    i [  Foi  oil;  abandonee 

•299  I , I !  For  oil;  14  wells. 

127  i I I I  J,  J.  Ashcrail  wells 

725    ' I201I  wells. 

502    1 1  "Dry  hole." 


•  Record,  W.  Va.  Geol.  Surv.  Rept..  vol.  1  (a), 
1904,  pp.  376-377. 

•''lDid.,p.  ifil. 

«lDlcl..voi.  1,  pp.  259-260. 

*lbid.,  vol.  2,  p.  243. 

ftlbld.,  vol.  Ua),  1904,  pp  377-378 

•Ibid.,  pp.  d78-380. 

'  Ibirt..  pp.  383-386. 

« Ibid  .pp.  386-388. 

•Ibid.,  pp.  382-383. 
J^Ibid..  pp.  236- -237. 

»»Geol.  Soc.  Am.  Bull.,  vol.  3.  pp.  191-192.  1892. 
i«.Recoro.  Pa  2d  Geol.  Surv.  Rept..  Vol.  I*,  p.  3*28. 
''Record.  W.  Va. Geol.  surv.  Rept.,  vol.  i  la). 
1904.  p.  237. 
14  Ibid..  234-235. 
"ibid.,  vol.  1,  p.  369. 
••Record,  Pa.  id  Geol.  Surv.  Rept.,  Vol.  1«»,  p.  327. 


*•  Record.  \V.  Va.  Geoi  Surv.  Rept..  vol 
1901,  p.  Ml 

•"  VV.  Va  (ieol  .Surv  Kept  ,  vol,  1.  1» 
249-20O. 

•'Jloid.,  vol.  1  (a).  1901,  pp.  317-318. 

»'lbirt..  vol.  1.  1H99.  pp.  252-255. 

a»  Ibid.,  vol.  1  (a),  1904.  pp.  328-330. 

«lbirt.   p.  .V2m. 

»lbid.,  pp.  3:i0-33l. 

2Mbid..  p.  327. 

2* Ibid.,  p.  315. 

«lbid.,  p.  310. 

«lbid.,  pp.  :i,i4-3.i5. 

5»lbid..  V(»l.  1,  1^99.  pp.  248-249. 

»lbid..  vol    1  la).  190 J.  pp.  305-311. 

**lbid..  p.  309;  authoritv.  South  Penn.  O 

«Ibld..  p.  330. 
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Location. 

Depth. 

Diame- 
ter. 

Inchet. 

Yield  per 
minute. 

OaUons. 

Height  of 
water. 

Remarks. 

son  County— Cont'd, 
en  Mile  district » 

Ftet. 
2,750 

2,868-3,609 

2.678-3,483 

2.160-3,018 

2. 175 
1,670 

2, 475 
2,232 
1.787 

412 

2,000 
1.840 

2,450 
2.542 
2.000 

1.425 
2.608 
1,840 
2,542 

1,700 

l.OOQ-2.450 

1,208 

l.'22'2 
1,200 

2,4.50 
1.800 

Feet. 

For  oil  or  gas;  unproduc- 
tive. 
16  wells,  for  oil  or  gas. 

24  wells;  covering  the  re- 
gion where  the  Fifth 
Sand  is  productive  of 
oil  or  gas. 

16  gas  and  oil  wells:  the 
2,160-foot  well  is  the 
largest  gas  well  in  the 
State  at  present. 

For  oil  or  gas. 
"Big  gas  pressure  at  1,420 
feet;  showof  oil  at  1,430." 
"Dry  hole." 
For  oil  or  gas. 

Vicinity  of  Sedalla 
and  Salem.* 

3 

nion  district  4 

on  County  : 

Dt  tageville  * 

entuck      Fost- Office 

10-4  i 

(Mxitheast  of).* 

en  II a  Pos»l-Ofliee  • 

Hven'swood  (near)^ . 

undyvillc  (near)* 

■Non  (V>unty: 

1  a  r|H.*rs  Ferry 

(ias,  water,  and  little  oil 

Few.       No  flow. 

at  1,787  feet. 

iw  ha  County: 
abin  Creeic  Township., 
harle^lon        (water- 
works^. •« 
8  milex  above  '* 

For  oil  or  gas;  unproduc- 
tive. 
Moderate  flow  of  ga**. 
Small  Mow  of  gas. 

9  mii€»s above'* 

13   miles   south- 

For oil  or  gas;  unproduc- 
tive. 

west  »» 
5  miles  below" 

.  .  .  i» 

For  oil  or  gas. 
Do. 

'ool    Spring    Fork    of 

Burning      Spring 
Branch." 

%)rk  of  Little  Sandy  (on 
Simmons  farm). 

[anawha    (and    vicin- 

13-«| 

Gas  well,  water  at  60  and 

155  feet,  hole  fllled  with 
salt  water.  910-990  feet; 
gas  at  938  feet. 
Numerous   salt   and  gas 
wells. 

ity). '« 
Kanawha  River  at  bead 

of  Witchers Creek'*... 
.ens  Creek  Township  " . 
.ewis  (*reek  (l|    miles 

from  Kanawha  River )  >* 

laiden  Township 

iHlden 

Gas  well. 

1,222-1.280 
2.000 

2.  455 
2.530-3.127 
1,675-8.088 
2,700 
2.  703 
2.700 
1.150 
2, 142 
2. 101 
2, 112 

Vinifrede>» 

IS  C-ounly: 

)amden  (near>* 



1         Do. 

^urt- House  district «»... 

'  15  oil  and  gas  wells. 
3:{oil  and  gas  welN 
F^or  oil  or  gas;  abandoned. 
Oil  well. 

For  oil.  unsuccessful. 
Small  flow  of  oil. 

''reemansCreek  district** 

uightbum  ( vicinity) 

^'adis  (near)  ^ 

1 

KTeston 

2  miles  below  2< 

1                  1 

Gas  well. 

10  miles  southeast^. 

Oil  well. 

Hospital  for  the  In- 
sane.« 

1 

(las  well. 

i 

«r.  Va.  Geol.  Snrv.  Repts..  vol.  i.  1.S99.  p  251 

Ibid.,  vol.  1  (a),  19(M.  pp.  311-316 

IbW.,  pp.  319-326. 

Ibid.,  pp.  331-337. 

ftecora.  ibid.,  pp.  476-477. 

Ibid.,  p.  477. 

Ibid.,  pp.  477-478. 

w.  Va.  Geol.  Surv.  Rept..  vol.  1.  pp.  '283-284. 

flecord,  ibid.  vol.  1  (a),  1904.  p.  476 

Record,  Pa.  2d  Geol.  Surv.  Kept.,  vol.  P,  pp. 

332. 

Ibid.,  p.  330. 

Record,  W.  Va.  Geol.  Surv.  Rept.  vol.  1.  pp. 

272. 

Record,  Pa.  2d  Geol.  Surv.  Rept,  Vol.  P.  pp. 

333. 

i^ecord,  W.  Va.Geol.  Surv.  Kept.  vol.  2.  jk  400. 


•*  Ibid.,  vol.  1  (a).  1904.  pp.  500-501. 

'•Ibid.,  p.  501. 

"  r.  S.  Geol.  Hiirv.  Folio  No.  72.  p.  3. 

"•Record  I'a.  2ti  (ie<il.  Hurv.  Rept.,  Vol.  I*.  pp. 
329-3;i3.  W.  Va.  Board  of  Centennial  Managers. 
Re>*our(;eH  Report  bv  Maury  and  Fontaine,  pp. 
2H7-290 

»»  r.  S.  Geol.  Surv.  Folio  No.  72.  p.  4. 

*> Record.  W.  Vn.  Geol.  Sur\'.  Rept.,  vol.  1  (a), 
1904.  pp.  ;V)7-:V>8. 

«»  I  bin.,  pp.  'Mi9-:i7'S 

«lbid..  pp. .360-3«>*. 

»  W.  Va.  Geoi  Surv.  Rept,  vol.  1,  pp.  257-258. 

«<  Record,  ibid  ,  vol.1  (a).  1904,  pp.  3.54-356, 

»  Ibid.,  vol.  1,  pp.  •25.V256. 

» Ibid  ,  vol.  1  (a).  1904,  pp.  35^-356. 
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INOl 


LocaOoiL 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

WeiUm  (4  mUei  from)  i. . 
lOmilfiiiouthwfitt* . 

Fed, 
2,202 
2^645 
2.986-2,517 

8,280 
1,710 
+605 

2,878 

8.189 
r          8,218 
3,840 
3.064 
8,202 

9  717  «?.7fiO 

Incka, 

Ftet. 

Oil  and  gM. 
Oil  welir 

lOmileiioiith* 

2  wells  for  oil  or  gM. 

Lincoln  County: 

BIr  Hurt  Creek* 

H&rtrn^^ft 

For  oil  or  gas. 

liOgan  Coun^: 

McDoweU  Connty: 

Welch*    

Marion  County: 

Bamckvllle  (8    mile* 

northwest).' 
Brink  Poat-Officed  mile 



I 

east).* 
2  miles  from  • 

'       i 

Imile  eui* 

Campbells  Run«» 

Ihinkard  Mill  Run  (near 

For  oU  or  gas;  4  well 
2  wells. 

headwatMs)."    ^         1    ' 
Fairview  (southwest)"..  >           1,889 
2  miles  northeast M..|           1,997 

Oil  well. 

For  oil:  unproductiv 
Gas  well. 

2  miles  south. li  ...    !           lioTO 

5A 

8,028 
8,888« 

8.015 
3.135 

9  nil 

! 

Some  gas  at  8.298  fe 

Fairview  (near) '« 

barrels  of  oil  daily 
8.815  feet. 

Produced  200  bairels 

F^rmington   station  (2 



dally,  in  July.  1901 
sUll  yields   68  h 
dally.' 
For  oil  or  gas:  abandi 

6  wells;  for  oil  or  gai 

miles  east)."                i 
Flat  Run" i  3.064-3,374 

1 

Glovers  Gap   (1   mile  J         S^il 
east)."                                       2,4^4 

2,967 
Glovers  Gap  (near)" 3,090 

1               I                1 

1 

1 

3,299 
Joi>towii  (1  mile  wc'Mt)!*.}           3.014 

1 

For  oil  or  gas. 

Joetown  (near) ^ 

2.495 
2,759 
2.SX9 
1.945 
1.92H 
3,144 
8.042 
2,895 
3.010 

l::::::::::::i;.::;::::: 

Do. 

ManinKton  Township ... 
ManiiigU>ii  (near)-'   .... 

1 ] 

Do. 

1  mile  above- 

1 

Do. 

3  miles  Houth  west ^. 

l>o. 

3  miles  north  «< 

Oil  well. 

6  miles  ndrthwest ». . 

i ■ 

Do. 

3  to  4  miles  east* 

Near* 


2  miles  west  ^  . 


Near«7 

3  miles  smithwajf. 
Near27 


3.025  1 

f  1,877  I 

I  3.000 

2.631 
f  1.965 

I  1,970 

f  2.400 

[  2,630 

2.903 
2,255-3,020 


«J-5W.'l 

10  -4      \ 

Ki-5A/- 


Gas  at  2.420  feet  belo 

IMttsbunir  coal. 
For  oil  or  gas. 

Do. 

Do. 

Do. 


:i: 


» Reooni.  \V.  Va.  Gcol.  Surv.  Rept.,  vol.  1  (a), 
pp.  :i')<>-.S67. 

a  Ibid.,  p.  869. 

»Ibld.,  p.  374. 

4  U.  S.  Geol.  8ur7.  Folio  No.  fi9,  p.  4. 

«»  Record.  W.  Va.  Geol.  .Surv.  Rept.  vol.  1,  pp. 
280-281. 

«Ibld.,  vol.  2.PP.694. 

Ubld.,  vol.1  (a),  1904,pp.l52-lM. 

«Ibid.,p.l6'>. 

•Ibid.,  pp.  173-174. 
«» Ibid.,  pp.  167-168. 
«Ubid..  pp.  1.54-165. 

«  W.  Vn  (Jeol.  Surv.  Rept.,  vol.  1.  pp.  239-241. 
"Ibid.,  pp.  238-239. 
>«  Rect»rd,  ibid.,  vol.  1  (&),  1901.  pp.  156-157. 


Ga.«. 

I  11  wells;  oil  and  gai 

''•  KtK'ord,  Va  '2d  (ieol  Siirv.  Ann.  Rept 
part  2  pp.  7X2-7S:i. 

>«Kecotd,  \V  Vh.  Gi'ol.  Surv.  Rept.,  vol 
1901.  pp.  l<iy-17J. 

"  Ibid.,  p.  lt>4. 

^^  Ibid.,  pp.  1G.>-1«7 

"Ihid.,  vol.  1.  pp.  3-l5-:i47. 

*Mbid  .  vol.  1  (a).  VJnH   pp.  174-176. 

«»  Ibid.,  vol.  1.  pp.  24l-.'4-». 

KIbid..  pp.  242-243. 

»nnd..  pp.  243-241. 

«*  IlMO..  pp.  2-14-J46.  vol.  2.  pp.  129-130. 

«*irnd..  pp.  2'l«i-247. 

a»Ibid.,  vol.  1  (a).  1904.  pp.  155-156. 

57  Ibid.,  pp.  liVJ-lW. 
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ation. 


ty— <U>ntinued. 
ton  district 
»f  Campbells 


ir)« 

>  unknown 

f-  (near)* 

inty: 

(3  miles  north- 

?s  southwest^  .. 

4  miles  soath- 

Jt.fr 

2  miles  north)*. 

(one-half  mile 


(near)« , 

rs  southwest*... 

» west* 

'  Post-office  (3i 
»utheast).»«' 


•?<  southeast " .. 

dlMtrict «« 

lear)  • 

ownship'^ 


'istrict»* 

ille     (5    miles 


le  (near)i*. 
strict'is!."'.; 
ille  (ea.st  edge) '»'{ 


.'.M  nortlieaiit -1 ..' 

.•s  east  22 1 

Iniile  west)  '•'..I 
Rock    station 

I  Po'^i-Olfice*...: 

«  northeast «...  < 

alf  mile  north-  ' 
(t.«  I 

District » I 

(milel80uth).» 


ear)« 

.*asant  (6  miles 

M  from  *» 


Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

Feet. 

3,218 

Inches. 

Oallons. 

Feet. 

Oil  at  3.113  feet. 

2,»92 

For  oil  orgaa. 
For  oil  or  gas. 

2.811 

2,539 

2,970 

i 

2.869 
3,0H6 

2,798 

Good  oil  well. 

Oil  at  3,075  feet;  gas  at 
3.086  feet 

! 

3,22S 

1 

Oil  and  gas. 
For  oil  or  gaa. 

3,249 

1 

2,810 

1 

2,913i 
904 

970 

1 

"Gas  on  top;  best  well  In 

thisfleld.'^ 
"Struck  oil  at  about  945 

937 



feet,  and  shot  with  60 
quarts  below  this  depth 
which  shut  off  the  oil 
and  opened  up  the  gas." 
"  Use  gas  for  drilling  pur- 
poses.   piLM.>d    to    Elm- 
irove.  probably  2.000,000 
feet,  with  rock  pressure 
of  260  pounds." 

1,050 

2. 616 

3. 249 

2,934 

For  oil  or  gas;  unproduc- 
tive. 

2,  &)Ct-:^,  108 

1 

1,935 

1 

For  oil  or  gas. 

2.603 

1,055 

Gas  well. 

2, 477-2. 949 

For  oil  or  gas. 
Do. 

(            2, 579 

t            l,4e>5 

i 

1,470 

For  oil  orga.s. 
Several  oilwells 

1,400-1,413 

578 

1                   

Numerous  oil  wells. 

2, 707 

Dry. 

Gas,  2, 980  io  2, 990  feet. 

2,999 

2.920 

2, 945 

(            2,974 

I            2, 747 

2,M75 

2. 7r»c 

2,400 
1,.S(K) 
2,  l.W 
•2, 912 

1.677 

I 

2  welLs. 

1 

' 

Hi-4l 

For  oil  or  gas. 

—loo 

Do. 

Do. 

i:i-4: 1 

Do. 

^\  Va.  Geol.  Surv.  Kept.,  vol.  1  (ii). 

eol.  Surv.  Kept.,  vol.  l.  i^ih 
bid.,  vol.  1  (a).  1904.  pp.  1;M-1")'J. 
215-216. 
!18. 
119. 
tl4. 

•ol.  Surv.  Kept.,  vol.  1,  p.  :i5(). 
bid.,  vol.  1(a),  IKM,  p.  215. 

•26. 
r22. 
*a.  2d  Geol.  Surv.   Kryit..  vol.  I&,  pp. 

f.  Va.  Geol.  Surv.  Kept.,  vol.  1(a),  i»p. 


i^W.  Va.  (leol.  Surv.  Kept.,  vol.  1.  pp.  351-352. 
i«Kerord,  ibiil.,  vol.  1(a),  190*.  pp.  227-229. 
^nbid..  p.  230. 
'Mbi«l.,  pp.  220-222. 
'Mbhi.,  pp.  223-224. 
»'lbi(l.,  vol.  1.  1H99.  pp.  3()2-;^W. 
-'•Ibid.,  p.  :^;4. 
22 Ibid.,  p.  223. 
"•'Ibid.,  pp.  21K-2I9. 
2Mbid.,  pp.  219-220. 
^•Ibid..  p.  224. 
»lbi<i..  pf).  4x1-482. 

27  Ibid  .  V(»l.  1.  1899.  pp.  281-282:  vol.  1  (a).  1904, 
pp.  479-481. 
•-•Mbid..  pp.  273-274. 
wibid.,  vol..  Ha),  1904,  p.  481. 
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Location. 


Mingo  County: 

DingeM  Btation  (near)  i . 

Fairfax  (northwertoO*. 
Monongalia  County: 

Amos  (4  milefl  north)'.. 

Amofl  (2  miles  north)*.. 

Batelledistriet« 


Clay  district* 

Clay  Township 

Crossroads  (near)*. 
Day  brook  (near)  ^ . . 


Fainriew  district  • 

Flat  Run  Oil  Pool* 

Hoovers  Run  (Just south 

of).» 

HighlandChurch(near)" 

Miracle  Run  Fost-Offlce 

(U  miles  southeast)." 

Morgantown  (8|  miles 

south)  .u 

21  miles  west  14 

Moigantown^* 

St.    Cloud    (one-fourth 
mile  northeast),  m 

St.  Leo(uear)»» 

St.  Leo  (2  miles  west) ».. 

Wadestown  (near)** 

Do*> 

Do« 

3  miles  west  ^ 

Wordley  (near)o 

Noble  County: 

Macksburg  (near)  m 

Ohio  County: 

Wheeling  (near  center)  * 
Wheeling  Creek  (3  milw 

a»x>ve  mouth}  > 
Wheeling  (4  miiessouth- 
eaHt).a' 


Depth. 


2,126 
1.838 

3,174 

8,881 

8,001-8,620 

f  3.842 

[  8,825 

660 

8,199 

8.276 

8,4084 

8,012-3,495 

8,248 

8,484 
f  8,170 

i  2.414 

2,280 

2,615 
2,267 
8,406 

8,155 
3,486 
8,090 
3,112 
8,300 
8.432 
2,830-2.960 

1.695 


I  2.445 

4,500 


Wheeling"., 

Wheeling  (Smiles  oaxt- 
nortlieasl).» 
Pleaxjints  County: 

Belmont  (near)*' 

BenH Run  stntion  (near)" 

2  miles  southeast. *3. . 

l)o.» 

Bens  Run  (3mlles«i8t)**. 

Ben«Riin« 

Brothera  Island  » 


Diame- 
ter. 


Yield  per 
minute. 


Jnehes,     OaUonB. 


10-5 


10-61 
"'61 


2.095  L 
2.000  |. 

I 


Eureka  (near)". 

Fren<;h 
Fork)s 


Creek    (Right 


r»87 
1,IW> 
1.940 
1.900 

+    919 

+  947 
1,318 

+  1.:W8 
1.602 

+     70« 


_  1 


Height  of 
water. 


FeeL 


For  olio 
Da 


dwells. 
2  wells. 
Qas. 


Oil  and  waier,S.WIoa^ 
filled  np  about  MMMl 

7  wells. 


Oil  well. 

Swells. 

Slight  flows  of  oU  sad  pn 
near  Uffinctoa. 

Fbroilorgas. 


OU  at  3,016  and  8,48D  feet 
Oil  well. 

Do. 
Gas  well. 

Da 

For  oil  or  gas. 

Central  Glass  Oa*8  wdl. 


Foroilorgas;  temperatuR 

at  1.350  feet  is  68.78P:  tl 

4,462  fiH>t   it  is  liaifi^'. 

dry;  rased  to  1.670  feet. 

For  oil  or  gas. 

I  For  oil  or  gas;  imsucoisir 

I      ful. 

I  For  oil  or  gas. 

j  Oil;  ♦•S-barrelwell.** 

oil  and  gas. 
:  Oil;  ** about  20-barrel." 

;  Foroilorgas. 
i  2  oil  wells. 
I  For  oil  or  gas. 


» Record,  W.  Va.  Geol.  Surv.  Rept..  voi.  1. 1899, 
pp.  'iTw-'iSO:  U.  S.  Geol.  Surv.  Folio  No.  69,  p.  4. 

aibid..  pp.  276-277. 

8 Ibid.,  vol.  1  (a),  1904,  pp.  14t>-141. 

Mbld.,  pp.  14S-150. 

6  Ibid.,  p.  140. 

•Ibid.,  pp.  142-143. 

Mbid.,  pp.  13f>-136. 

»Ibid.,  p.  141. 

•Ibid.,  p.  13(i-139. 
i«lbid..  p.  146. 

"Ibid.,  vol.  1,  1899.  pp.  231-232. 
"Ibid.,  vol.  1  (a).  19W.  p.  139. 
"Ibid.,  pp.  133-134. 
"Ibid.,  pp.  134-135. 

«  Record,  Pa.  2d  Geol.  Surv.  Rept..  Vol.  I&.  p.  329. 
"Record,  W.  Va.  (Jeol.  Surv.  Ilepl.,  vol.  1  (a), 
1904,  p.  150. 
»'  Ibid.,  pp.  147-148. 
"Ibid.,  p.  148. 
"Ibid.,vol.l.  pp.  233-234. 
•^Ibid.,  pp.  232-233. 


2'  Ibid.,  pp.  230-231:  vol.  1  («).  1904.  p.  147. 

«lbid.,  vol.  1  (a).  1904.  pp.  14H-149. 

Mlbid..  v«»l.  1.  pp.  2:M-2:{7. 

«lbid..  pp.  298-299. 

«  W.  Vh.  (Jeol.  Surv.  Rept..  vol.  1  (a),  1904.  p.23CF- 

WReeord.  Ibi«l..p.  2:n. 

K  W.  Vm.  Geol.  Surv.  Rept..  vol.  1.  pp.  364-865' 
reconlof  teni]>eratures.  Am.  -\khoo.  Adv.Sci.  Proc.ir 
1891.  p.Jfvs  (description,  pp.  41(>-457):  W.  Va.Geol. 
Surv.  Rept.,  vol.  1  (u),  1U04.  p.  230. 

*  Record.  Ibid.,  n.  'MM\:  vol.  1  (a),  1904,  p.  94. 

»  Record.  Pa.  2a  Geol.  Surv.  Ann.  Rept..  1886, 
I»art  2.  pp.  781-782. 

*•  RiKJonl,  W.  Va.  Geol.  Surv.  Rept.,  vol.  1  (a). 
19M.  p.  277. 

«  Ibid..  i».  269. 

"Ibid.,  p.  272. 

» Ibid.,  p.  2T3. 

«lbid.,  p.  279. 

•Ibid.,  p.  280. 

»W.  Va.  (teol.  Surv.  Kept,  vol.  1,  pp.  851-3SC2; 
70l.  1  (a),  1904,  pp.  '280-281. 
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WEST  VIRGrNlA— Continued. 


Location. 


rasantM  Coanty — Cont'd. 
Grant  district » 


Hebron  (near)*  . 
I)o.» 


I 
Depth.      I 


Diarne-    Yield  per    Hei«rht  of  I 
ter.        minute.       water. 


Remarks. 


Feet. 


2  wellfi,  for  oil. 


Jfffenwn  district  *. 


Do.'  . 


Feet.  Inches.    |  (JaUotm. 

1.4»1  H»-6ii\ 

2,000 r 

2,080  ! t I  Foroilorgaa. 

2,012 
+  576 
-h    636 

-f- 
1.470 


+    576    I 
.{        -h    636    L 
I         +-    623    I 


Do. 

8  wells,  for  oil. 

Oil  and  gas. 

2  wells;  for  oil  or  gas. 


Lafayette  district* |        '^l]\^  } I 

'  l!  770  I '  For  oil  or  gas. 

2,020  i j  Gas  at  l,9to  feet. 

1,779  i "5-tolO-barrel  well:"oiI. 

1.932 '  For  oil  or  gas  (C.  B.  Bar- 
ker well  No.  1). 

+    614 For  oil  or  gas. 

+    530   Do. 

2,075  I No  oil  or  gas. 


Lytton  (near)*  , 

Maxwell  (near)* 

1  mile  east » 

Middle  Island  Creek  «. 


Iron  Bridge' 

7  miles  from  mouth'. 
Parkersbarg  (5   miles 

northeast}.^ 
Raven  Rock  (3  miles 

east).' 
St.  Marys  (6  miles  east)'  . 

St.  Marys(2mik*s8oath)' 

St.  Marys  (2i  miles  east)*. 
Eliza  De  Long  land  •  — 
Sugar  Creek  (3-4  miles 
fronvnouth).' 

Tnion  l)istrlct  • 

Waverly(UmUe«east)>  . 


Township  unknown, 
•ston  County: 

Brvtz  (near)>« 

Henry 

Xewbnrg" 

Do 

tnam  County: 

Buffalo  (near) 

Hurricane  (near)'*.. 


Red     House     (3     miles 
north)." 

WInfield 

Winfield  (1  mile  below)  i« 
Winfield  (1  mile  south)  " 
Wlnrteld  (2mIle«»outh)" 
andolph  County: 
Beaver    Creek    (1   mile 
north ).»» 
ilchle  County: 

Auburn  ( near) " 

Berea  ( 1  to2  miles  north- 
east).*' 
Cabin      Run     (tollgate 
well)." 

Cairo »» 

11  miles  northwest**. 
4  miles  northeast.. 

8  miles  souths 

VIcinity« 

Comwallis  (vicinity)  «*. . 

Ellenboro      (2     miles 

north) .« 

34  miles  from« 

Flannagan  Field  « 


I      H14  I 

+  826 
+  468 
+  480 
600-1,000 
649-9%  ; 
+686 

1,871 
1,438 


2,:«)9  ' 


For  oil  or  gas. 


I  2  wells,  Dotson  farm,  Nos. 

I      land2. 

8H»i I  Many  wells;  for  oil  or  gas. 


8 '-6'  . 


41 

IH 

1 

Several  wells. 
For  oil  or  gas. 

Do. 
Water.  1,180  to  1,220  feet; 

gas,  1,413  feet:  oil,  1,428 

and  1.428  feet. 
Dry. 

For  oil  or  gas;  failure. 

For  gas;  unsucceflsful. 


2.000  I 

703 
3.004  I 

865  j 

400  I 
2,198  , 

1,875  ' 

500   ' ' I  2wells. 

1,670  i !  Oil  well. 

2J'm   '  For  oil  or  gas. 


, i Gas   and  oil;   neither  in 

I  I      paying  quantities. 

1(MJ| I ,  Small  show  of  oil. 


2,60:i 
431 


Do. 


1,940  ! Do. 

775-2,062 .'  Several  oil  wells. 

2, 712  , j  For  oil  or  gas. 


2.060 
l.?35 
2. 142 


I 


Do. 
Do. 
Do. 


1,652  ,  Small  supply  of  oil. 

1.469-2.045  Many  wells:  foroilandgas. 

1, 473-1. 657  5  wells:  for  oil  or  gas. 

1.788 Oil  well;  '^-barrel  well." 


1, 782-1.  H2S    ;  Several  oil  and  gas  wells. 

1, 770-2. 1"2U    Many  oil  and  gas  wells. 

'Record,  W.  Va.  Geol.  Surv.  Rept.,  vol.  1  (a) 


«M,  p.  278. 

*W.  Va.  Geol.  8ur\',  Rept..  vol.  1.  p.  ,%0. 
•Record,  ibid.,  vol.  1  (a),  19(M.  p.  275. 
♦Ibid.,  p.  276. 
Hbid.,  p.  2T2. 
•Ibid.,  pp. 273-274. 
Mbld.,  p.279. 

« W.  Va.  (ieol.  Surv.  Rept.,  vol.  2.  p.  276.  277. 
•Record,  ibid.,  vol.  1  (a).  1901,  p.  273. 
"W.Va.  Geol.  Surv.  Rept.,  vol.1  (a),  1904,  p.  342. 
"Record.  Ibid.,  pp.  312-344. 
"Ibid.,  p.  488. 

,"  W.  Va.  <3eoL  Surv.  Rept.,  vol.  2,  p.  401;  V.  S 
'eol.  Surv.  FoUo  No.  72,  p.  3. 


>*  Recur  d,  ibid.,  vol.  1(a).  1904, p. 482. 

li  W.  Va.  Geol.  Surv.  Repl.,  vol.  2.  pp.  360-361. 

"  Record,  ibid,  vol.  1  (a),  1904,  p.  425. 

"Ibid.,  pp.  422-424. 

»Mbitl..p.406. 

»»  W.  Va.  Geol. Surv.  Rept.,  vol.  1. 1899,  p. 302. 

» Ibid.,  pp.  303-304. 

«  Ibid.,  pp.  305-307. 

« Ibid.,  pp.  308-309. 

M  Record,  ibid.,  vol.  1  (a).  1904,  pp.  430-439. 

s*  Ibid.,  pp.  4*28-429. 

»Ibid.,p  409. 

*•  Ibid.,  vol.  1,  pp.  811-315. 

« Ibid.,  vol.1  i,a),  V9(>%,  VP-  Aa$V-^ZI. 
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[Nam 


Ijocation. 


Ritchie  County— Continued. 

HarriHVille 

Harrisville  (near)) 

Do.« 

Harrisville      (3      mileH 

KOUth).* 

Harrisville  (6  milefl  east) « 

Highland  (near)* 

Holbrook  (near) « 

Do.J 

Lawford  (and  vicinity)  *. 

Macfarlan  (near)  • 

Mellin  (southeastof ) »«. . . 


Murphy  district  (south 
of  Ritchie  mines)." 

Murphy  district " 

Oxford" 

1  mile  northwest.  * . . 
i  miles  southwest,  i^ . 
Pensboro  (and  vicinity)'* 
Petroleum  (3  miles  south- 
west)." 
Petroleum    station    (U 
miles  north).!' 

Pruntyfleld" 

Pullman  (near).  * 

Ritchie  Court-House  ". . . 
Rush  Post-office  (near) »'. 
Smithvllle  (south  of)*' . . 

Union  district « 

Whisky  Run  Pooisa 

Whiteoak  (near)« 

U  miles  south  24 

Wells  1,  3und4  2^... 
Roan  County: 

Oeury  district 

Do 

I*.  A.  Talman  fann  ^ 

Roan-<'lay  count V  liiu'^. 
SpeiKHT  (asylum /arm)  '^. 
SiKMictT  (al^out  10  miles 

southwi'st ).  OT 
SpoiKHT  (about  t)  miles 

east).»> 
Triplett  (1  milcM  south- 
east). 
Summers  County: 

Crumps  Bottom •"" 

Taylor  County: 

Booth  Distriet'« 

Flemingtou      (2      miles 
north  ).=»■« 

1  mile  above  =^ 

Fnnitytown  ( near)  '^ j 

Tvler  C'ountv: 

Alva«\.' I 

Bird  Post-Ortiee(near)  «'.i 

Beech  (trove  (vieinily)«^. 
B<M»lier  (1  mile  north) ^..' 
Brad  in  Post- Office  | 
(near). 


rH»pth. 

Diame- 
ter. 

Yield  per    Height  of 
minute.       water. 

GaUims.         Feet. 

Remarks. 

1, 600-2.  (XX) 

Inches. 

Several  oil  wells. 

2,500 

I 

Oil  well. 

1,812-2, 821 

1 

3  wells;  for  oil  or  ga«. 
"Dry." 

1,941 

1 

2,676 

1,905-2,085 
2, 670 

For  oil  or  gas. 
Oil  well. 

1 1 

1,759-2,061 
1,986-2,271 
1,783-2,326 
1,664-1,734 

:: i;::;!":;* ;;;::;:;!;:; 

3  wells;  for  oil  or  gas. 
5  wells:  for  oil  or  gas. 
3  wells:  for  oil  or  gas. 
One  5-barrel  and  two  11^ 

1 

1.. .  

1 

1,549-2,068 
2,838 

1 

barrel  oil  wells. 
4  wells;  for  oil  or  gas. 

For  oil  or  gas. 
Oil  well. 

1 

2,106 

2,184 

"Fair  gas  well." 

1,646 

' 

For  oil  or  gas. 

3  wells;  for  oil  or  ga& 

Some  oil. 

l,81fv-2,615 
1,740 



1,800 



1 

Oil  well. 

1,825-2,134 
2,128 

' 

Several  wells;  oil  orga-<i. 

"Drv." 

1,724-1,918 
1,825 

Several  oil  and  gas  welk 

For  oil  or  gas. 

2  wells;  one  *•  5-barrel." 

1,509,1,892 
2  783 

i 

1.782-1,829 

4  wells  for  oil  or  gas. 
2  wells  for  oil  or  gas. 
•  Praeticallv  a  dry  hole." 
Miller  wells;  foroilorgiL* 

Oil  well. 

2, 200, 2. 700 

1.756 

1,506-1,910 

1.479 

1 
1 

1,6.^7-3. 
1, 

2.' 
l.C.lSi-J. 


17M 
(527 


750  I 
:;(;2  ; 


Do. 


s\-iVi, Little  gas  at  1,837  feet. 

i  For  oil  or  gas. 

,  Sevenil  oil  and  gas  well* 


>  W.  Va.  (Jeol.  Surv.  Rept..  vol.  1,  p.  319. 

-•  Record,  ibid,  vol.1  (a).1904,])p.-10«>-in. 

3 Ibid.,  p.  IK). 

♦Ibid.,  p.  417. 

•'Ibid.,pi>.407-40X. 

« Ibid.,  vol.1,  p.  320. 

•  Ibid.,  vol.  1  (a),  IIHM,  pp.  421-425. 

Mbid..  pp.  427-428. 

Mbi<i.,p.443. 
1"  Ibid.,  p.  441. 
'Ubid.,  pp.  442-444. 
"Ibid.,  p.  444. 
"Ibid.,  vol.  1, pp. 321-322. 
"Ibid.,  p. 418. 
»Mbid.,  pp.  408-409 
"Ibid.,  p.  439. 
"Ibid.,  vol.  l.j>.  .301. 
'« Ibid.,  vol.  1(a).  1904.  pp.  418^20. 
'»  W.  Va.  Geol.  Surv.  Rept.,  vol.  1.  pp.  ai7-;{l 


1 , 7(X)-]  .951    ' 3  wells  for  oil  or  gas;  ^^^ 

I  successful. 

•J.  iUK) I  WatiT  at  1  ..525  feet;  !»ho 

I  of  oil  at  1.695  feel. 

;?,  (KHi Test  well  for  oil  or  gas- 

2, 400  ! For  oil  or  gas. 

2,400  I I  "Dry  hole." 

I 

3. 0I9i  1 Some  gas. 

2.C.80  I Do. 

2, 700  ' I  For  oil  or  gas. 

2, 205    \  For   oil   or  gas;    rave 

I  I      1.050  and  2.075  feet. 

2, 0(r2  '' '  For  oil  or  gas. 

],M«J7  i ' 

1,915    '  First   ifas.  1.830  feet;  « 

\  \      ond  gas.  1.9a5  feet. 

•-•"  IU-ei)rd.  ibid.,  vol.  1  (a).  1904.  pp.  4:^9-140. 

21  Ibid.,  pp.  410-441. 

•-'■•ilbid..  pp.  12(;-127. 

sUbid.,  pp.  111-410. 

2Mbid.,  p.  121. 

26  Ibid.,  pp.  114-415. 

WW.  Va.  Geol.  Surv.  Kej»l..  vol.  2.  pp.  39ft-40C 

'^Reconl.  ibid..  v«.l.  1  (a).  1904,  pp.  472-473. 

28  Ibid..  V(.l.  1.  pp.  *Jr>4-2«it'.. 

s'-'Ibid..  pp.  2«»7-J()9. 

»'Ibid..  vol.  1  (u).  1904,  pp.  470-4?2. 

3J  Ibid.,  pp.  5(M-50.'>. 

32  Ibid..  pp.3;i.^:«<>. 

s^Ubid.,  pp.:i;{9  340. 

••'<  Ibid.,  pp.  340-342. 

3&  Ibid.,  p.  338. 

»Ibid.,  vol.l.p.:i36. 

^nbid.,  vol.1  (a),  1904,  p.  240. 

M  Ibid.,  pp.  253-254. 

*  Ibid.,  p.  242. 


»jarroN.]  DEEP   B0BIKQ8   IN   THE   UNITED   STATES. 

WEST  VIRGINIA— CJontinued. 


169 


Location. 


ryler  County— Continued. 
Centervflle  and  vicinity  i 
Conaway  (near) « 


Doddridge  (near) «... 
Eagle  Mills  (?)  (near)  * 

Ellsworth  district*... 


Do.«. 


ElkFbrk  PooP 

Palls  Mills  (2  miles 
east).* 

Friendly  (S  miles  east)*  . 

*iordon  Sand  Pool  (west- 
em  edge).'® 

Hebron  (near) « 

Hebron  region" 

Indian  Creek" 

Indian  Creek  (2  miles 

above  mouth)." 

KidwelUnear)" 

Littie  Mills  (near) " 

Long  Reach    (3i  miles 

east)." 

McElroy  district " 

Do.« 

Do." 

McKim(near)» 

1  mile  north" 

One-half  mile  north  *> 


Meade  district" 

Meadville    (4   miles 

northeast).*! 
Meadville     (1    mile 

north)." 
Middlebourne    (few 
miles  below ).<< 

4  miles  north" 

Vicinity" 


Depth. 


Middle  Island  Creek"  .. 

Plum  region" , 

Puraley    and     Kidwell 

(between)." 
Ritchie  County   line 

(near).w 
Sancho  Creek  « 


Siuterville  (near) 

24  miles  sou tn west". 
Sisterville  field  » 


Union  district *« ... 

Do." 

Van  Camp  (near)' 
Wick  (near)" 


Feet. 
1,961-2,199 
2,000 

1,092-2,979 
2,922 
1,896 
1,756 
1,919 
1,963 

1,700-2,160 
1,926 
2,067 
1,620 
1,696 
1,704 
2,976 
2,818 
1.996 
2,046 

1,746-2,086 

1.800-1,921 
1,869 

1,701-1,998 
2,690 
1,675 

r  1,870 

t  1,787 

2.648 

2,097-2,964 
1,942 
2,220 
2,083 

[  1,890 

1,858 

[  1,704 

1.863 

[  1,762 

I  1,989 

1,662 

1,638 
1,647-2,876 
r  1,643 

L  1,630 

1,910-2,023 

1,747 

3,049 
1,836-1,870 


Diame- 
ter. 


IncheM, 


Yield  per  Height  of 


minute. 


GaUons. 


1.865  I. 
1,002-1,970  I. 

1,699 

1,743  . 

1,722  . 

1,915  . 


10-6i  . 


water. 


.1. 


Remarks. 


4  wells;  for  oil  or  gas. 
Capacity,  18,000.000  cubic 

feet  of  gas  daily. 
For  oil  or  gas;  18  wells. 
Oil  well. 

F6r  oil  or  gas;  2  wells. 

Do. 

6  wells;  for  oil  or  gas. 

2  wells;  for  oil  or  gas. 

[8  wells;  for  oil  or  gas;  7 
other  wells,  the  records 
of  which  are  not  given. 

2  wells;  for  oil  or  gas. 

Do. 

4  wells;  for  oil  or  gas. 

Do. 
Kyle  well  No.  2. 

6  wells;  for  oil  or  gas. 
For  oil  or  gas. 
Do. 

2  wells;  for  oil  or  gas. 

4  wells;  for  oil  or  gtm. 
For  oil  or  gas. 
••200-barrei"  oil  well. 
"20-barrer' oil  well. 

Oil  and  gas;  3  wells. 

GaM.  light,  1,793  feet. 

2  wells;  for  oil  or  gas. 
Small  supply  of  oil. 

Oil  well. 

4  wells;  for  oil  or  gas. 

2  wells;  for  oil  or  gas. 

3  wells;  for  oil  or  gas. 
For  oil  or  gas. 

Do. 

3  wells;  for  oil  or  gas. 

Large  oil  well. 

For  oil  or  tfas. 

Many  wcITb;  for  oil  and 

gas. 
For  oil  or  gas. 

Do. 

Do. 

Do. 


1  Record,  W.  Va.  Geol.  Surv.  Rept.,  vol.  I  (a), 
1904,  pp.  262-253. 
>  Ibid.,  p.  260. 
>Ibid.,  pp.  242-246. 

*  Ibid.,  vol.  1,  pp.  334-335. 

*  Ibid.,  vol.  1  (a).  19(M,  pp.  240-241. 
•Ibid.,pp.24»-m 

'Ibid.,  pp.  250-252. 

•Ibid.,  p.  256. 

•Ibid.,  pp.  266-267. 
»Ibid.,  pp.  24(^-247. 
» Ibid.,  pp.  261-262. 
"Ibid.,  pp.  241-242. 
"Ibid.,voLl,  p.868. 
"Ibid.,  vol.  1  (a),  1904,  pp.  249-250,  252. 
»  W.  Va.  Geol.  Surv.  Rept.,  vol.  1,  p.  836. 
"Record,  ibid.,  vol.  1  (a),  1904.  p.  266 
»nbid.,  p.  240. 
"Ibid.,  p.  241. 


"  Ibid.,  pp.  244,  246  and  247. 

« Ibid.,  vol.  1,  p.  359. 

«  Record,  ibid.,  vol.  1  (a),  1904,  p.  253. 

"Ibid.,  pp.  260-261. 

23  Ibid.,  p.  257. 

«W.  Va.  (Jeol.  Surv.  Reut.,  vol.  1,  p.  361 

"Ibid.,  p.  360. 

"Record.  Ibid.,  vol.  1  (a),  1904,  p.  248. 

« Ibid.,  pp.  256-256. 

"Ibid.,  p.  2M. 

"Ibid.,  p.  268. 

»Ibid.,p.  259. 

n  Ibid.,  p.  255. 

"Ibid  ,  vol.  1,  p.  357. 

"Ibid.,  vol.  1  (a),  1904,  pp.  262-265. 

»*Ibid..  p.  250. 

"Ibid.,  pp.  267-268. 

"W.  Va.  Geol.  Surv.  Rept.,  vol.  1,  p.  359. 
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WBST  YIBGINIA--Gontiniied. 


Location. 

Depth. 

Diame- 
ter. 

JnektM. 

Yield  per 
minute. 

Height  of 
water. 

BonariDi. 

Tyler  County— Continued. 
Wick  (2  mUei  south)!.. 
Wick  (near)* 

JRsrt. 
2.101 
1,254-1,982 
1,9?2 

2,72WJ,189 

2,680 
2,497 
2,025 

1,845 

2.132 

1.968 

1.807 

8,063 
2,611 

2.768 
2.263-8.965 

8,068 
2.266-2.971 
2, 01^^875 

3,167 

OoUonM. 

FM. 

Oilw^. 

Swells;  fckroUorftt. 
FbroUorgaa. 

6wella;  ibroUorfM. 

VotolL 

Wiltmr  (one-half   mile 
south).* 
South  Penn  Oil  Co.«. 

Upehur  County: 

Buokhannon 

Just  northeast* 

Some  oil  and  gasshtmi. 
Showing  of  gaa. 

Gaa. 

Sago  (near  stetlon)* 

Wayne  County: 

Big  Sandy  River  (near 

Blaine  6raekmouth).7 

CaUettsbuiK  (li   mUes 

south).* 
Twelyepole  Creek 
(Arkansas  Branch 
mouth).* 
Wehster  County: 

Cleveland  (2  miles  he- 
low),  w 
Witael  County: 

Braah  Townshin 

FbrollorgM. 

61 

For  oil  or  gas;  alt  wtm 
at  1,126  feet 

Qas. 

Brink  (near)"'. 

Water  at  2,080  feet;  fii*t 

2,470:  oil  at  2.5S& 
For  oil  or  gaa. 
Swells;  fbroilorgts. 

45-banel  well. 

Do.i* 

Burton  (I  to  2  miles  cant 

and  northeast). » 
Center  district M 



Church  district 



.. 

8  gas  wells;  1  dry. 
Gas;  stmieoil. 

Clay  district 

I>ean  ( 1  mile  southeast  )>» 
Dulany  (near)!* 



200  to  800  barrels  of  oil. 

Kasteni  Wetsel  •' 

2.060^.2781 

4  wells. 

Do." 

f     2;oSI 

1           2.847f 
8.660 

3.0r>:J-3,461 

3.195 

/           2,9391 

,1           2,748 

1               2.  KM 

(2  wells;  authority,  SoDth 
\    PennOilCo. 
Deepest   producing  weU 

For  oil  and  gas. 
Gas  well. 

Fblsom 

10-5 

1  tft  2  milet*  from!'  .. 

Grant  district*' 

D<>.« 

1 

2  wells. 

D().« 

/ 

1 

•»«•'' '{   r^. 

!)<).« 3,044 

Do '  2.«0R-:<  .'viO 

} 

1 

Do. 

1 

1 

Gas  well. 

1 

Gas  and  oil. 

I)o,« 

2,642i 
2,146-3,317 
2, 7T2-3, 136 



For  oil  or  gas. 
Do. 

Do.» 

Green  diKtrU't 



' 

3  )?aM  wells;  1  well  drf- 

HundrtHl  ( near ) «' 

JaclcMmbuffir  (3  m  i  1  e  h 

;             3,249 

(4aK  well. 

northeiwt).*"                  ! 
1  mile  southeast** . . . !  '2.  -Jin-'i.  ii97 

1 

5  wellR. 

30 

2,590 
If           2,571 

2  wells. 

Ga8  well. 

(iRM    well'   Mi.1t    water 

Nearai 

i 

KiH>UKh 2,635 

^        13-. 

; 

Do 3.200 

Littleton   (1   to  2  miles     2,972-3,877 

m>uthuna  8outhwe«t)". 
Lot  (near) » i            2,688 

10-tiJ 

1,935  feet. 
5  wells;  for  oil  or  gas. 

For  oil  or  gas 

Magnolia  district  ■♦ '            i.MH 

Moberly(near)« 

,             2,002 



Gas. 

» Record,  \V,  Va.  Geol.  8ur\-.  Kept.,  vol.  2,  pp. 
890-392. 

«lbld.,  vol.  1  (a).  19(M,  pp.  254,  259. 

«Ibld.,p.  251. 

«lbld..  pp.  244,  246-247. 

•Ibid.,  pp.  349-351. 

•Ibid.,  pp.  351-353. 

nbid..  pp.  498-499. 

»lbld.,  p.  497. 

•U.  8.  Cfeol.  Siirv.  Folio  No.  69,  p.  4. 
«o  Record,  W.  Va.  Geol.  «urv.  Kept.,  vol.  1  (a), 
1904,  pp.  393-394. 
H  Ibid.,  p.  183. 
"Ibid.,  voLl,  p.345. 
»>Ibid.,  vol.  1  (a).  1904,  pp.  170-179. 
"  Ibid.,  pp.  202-208. 
i*lbld.,p.203. 
»•  W.  Va.Geol.  Surv.  Rept.,vol.  1  (a),  1904,  p.  201. 


"Record,  ibid.,  pp.  191-192. 

"Ibid.,  pp.  1%-197. 

"Ibid.,  pp.  1«4-186. 

wibid..  pp.  183-184. 

« Ibid.,  p.  189. 

a  Ibid.,  p.  191). 

«lbi(l.,  p.  191. 

«*Ibid.,  vol.  1,  pp.  :M0-342. 

»Ibid.,  vol.  1  (a),  1904,  p.  19'* 

» Ibid.,  193-197. 

"  W.  Va.  Geol.  Surv.  Rept..  vol.  1,  p.  849. 

« Record,  ibid.,  vol.  I  (u).  1904.  pp.  197-196. 

»Ibid.,  pp.  198-200. 

wibid.,  p.  199. 

"Ibid.,  p.  200. 

"Ibid.,  pp.  181-18:j. 

»lbid.,  vol.  1,  p.  339. 

••Ibid.,  vol.  1  (a),  1904,  p.  213. 
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Location. 

Depth. 

FPft. 
3,011 

3,460 
2,822 
2,640 

Diame- 
ter. 

Inches. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

ritzel  County— Continued. 
Pine     Grove    (3    miles 
northeast). » 
4  miles  northeast  > . . . 

Gallona. 

Feet. 

Oil;  160-banrel  well. 

Near!  

Piney  Fork* 

For  oil  or  gas. 

Do.» 

Prwtor  district  * 

2.MO-3,187 
•2,100-2,980 

20  wells;  for  oil  and  gas. 

5  wells;  for  oil  or  gas. 

Reader    Poet-Offiee    (li 
miles  southwest).^ 

Robinsons  Mill  (U  miles 
ea8t).« 

Silver  Hill  (near)  7 

Sincerity  (1  mile  north- 
west).* 
1  mile  southwest* 

3,037 

3,105 

2,710 

3,211 

3.064 
3,496 
3,386 
3,092 

1,120-3.106 
3.'2J« 

1 

Upper   Freeport   coal    at 
Good  gas  well 

1 

1 

H  miles  southeast**.. 

::::::::::i::::::::::i:::::::::::: 

Dry  hole. 
Oil  and  gas. 

li  miles  north* 

Smithfield       (1       mile 
northeast).* 

Smithfield  regrion  » 

Smithfield  (near)  >*> 

1 

1 

Oil  i^-vll. 
Do. 

Fair  gas  well. 

Gas  and  oil  at  3,048  feet; 

2  miles  northeast  11..              3. 106 

ITniontown      (2      miU« 
east)." 

Willey    Fork   (between 
Sincerity     and      Co- 
burn)." 

Wiley  ville     (2      miles 

3,293 
2,781 

.1  OM 

northeast). i«                  i 
2i  miles  east i« 3.358 

llmilesnortheasti^.j          J'}JJ 

second  pay  at  3,059  feet. 
12-barreI  well;  oil. 

15-barrel  well;  oil. 

; 

20  barrel  well:  oil. 

I           3,228 
\           3,270 
j            3, 162 
I           3,413 
2,777-3,010 
2,900 
2,7-20-2,801 
3,392 

Smiles  east  1* 

lO-berrel  well;  oil. 

4  miles  northeast »7.. 

;.j 

2D-barrel  well;  oil. 

Township  unknown 

3  wells;  gas  and  oil. 

j 

18 

1 

3  wells. 

J» 

1 

Mrirtc^>unty: 

Bumin;^  Springs  (near)  i* 

2,010 

428-1,128 

1.480 

Oil  well. 

I>o.»> 

3  oil  wells. 

Deven*  Forks*» 

Elizabeth  (4|  miles  east)  ^ 

2,380 

6  miles  west-south- 

2,806 

2,802 

2,205 

/            1.902 
t            1,795 

2, 172 
2.145-2.332 

Dr>'. 

Do. 
Oil  well. 

2  oil  wells. 

For  oil  or  gas. 
Many  weliH  for  oil  orgns. 
,  For  oil  or  gas. 
Do. 
Several  wells  for  oil  or  gax 

west ).« 
9  miles  west-south- 

west)." 
Munday(U  miles  M^mth- 

we.Mt).» 
Northwest     comer     of 
,^        Wlrt.» 
*Vood  Dmnty: 

Cheslerville  (near) » 

Hendershot  field  " 

1 

1 

1 

1 
1 

1 

Kana  w  ha  Station  ( near)^ 

2,20(ji 

2. 2(XV-2',  3<y> 
2.  (W) 

3,oir. 

2.230 

1 

Muiphy town  (vicinity )«> 

Parkersburg  ( near)  *' 

For  oil  or  gas. 
Do. 
Do. 

5  miles  northea-^it  ^ . . 

4mileseast» 

1 

I».  3,37. 
20t)-211 


,      'Record,  W.  Va.  Geol.  Surv.  Rent.,  vol.  1  (a), 
l^W,  pp.  205--206. 

<W.  Va.  Geol.  8ur\'.,  Kept.,  vol.  1. 

'Record,  ibid.,  vol.  1(a).  19iM.  pp. 

♦Ibid.,  pp.  212-213. 

•ibid.,  p.  211. 

•Ibid.,  p.  184. 

Mbid.,  pp. '200-201. 

«Ibid.,  pp.  180-181. 

•Ibid.,  pp.  186-189. 

WW.  Va.  Geol.  Surv.,  Kept.,  vol.  1,  p.  348. 

"Ibid.,  pp.  343-344. 

"RecoM,  Ibid.,  vol.  1(a).  1901,  p.  200. 

"Ibid.,  p.  201. 

»nbid.,  p.  202. 

»»lbld.,  p.  203. 

Mlbid.,  p.  204. 

"Ibid.,  pp.  204-'205. 


'■^  Ibid.,  pp.  189- 193;  aut  hority.  South  Penn  Oil  Co. 
«JW.  Va.  Geol.  Surv.  Rept..  vol.  1.  pp.  262-263; 
vol.  1  (a),  1904.  pp.  163-464. 
2"Ke<'onl.  iljid..  vol.  1  (»i),  1904,  p.  464. 
«  lbi<l..  PI).  4t;5-466. 
«Ibid.,  p.  467. 
""Ibid.,  pp.  467-468. 

p.  468. 

pp.  466-^67. 

p.  462. 

pp.  452-165. 


♦Ibid 
5Ibid. 
•Ibid. 
T  Ibid. 
«Ibid 


p.  447-448. 


.  pp. ' 
W.  Va.  Geol.  Surv.  Rept..  vol.  1,  pp.  292-2W. 
w  Record,  ibid.,  vol.  1  (a),  1904,  pp.  456-167. 
«  W.  Va.  Geol.  Surv.  Rept.,  vol.  1.  p.  286. 
« Ibid,,  pp.  296-298. 
"Record,  ibid.,  vol.  1(a),  1904,  pp.  460-461. 
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DEEP  BOBIKQS  IN   THE  THHTED  8TATBB. 


WEST  VIRGIXIA-Continiied. 


(saMl 


LdcatUm. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Hefghtof 
water. 

Remaiks 

Wood  Oounty-Oontinaed. 
RedhiU  Pmt-0«re  (one- 
hAlfmilenortbewit).!. 

TrgartH  district* 

Union  district* 

2.278 

slooo 

9  0I2--2!S88 

M%Cht9. 

OoiloM.         PM. 

Poroilorgaa 

Do. 
Many  wells  forofl  orpi 
Fbr  oil  or  nasi 

2  wells  for  oil  or  ftt. 

Two  oil  w^  la. 

Vienna  Blation  (near)* . 

"'        I'flai 

Volcano  (near)* l         ,^ 

WaTerl7(6mileiiiHMith)*.i  •i.aa-2*,208 

Waverly  (near)? 2.810 

Wllllanurtown  (1*  miles  ,  l.fi04-1.87S 
below).*                       ' 
4miifflbe1ow* 710-1, 1SH 

\ 

1 

10-61 

For  oil  or  gas. 
Do. 

2oU  wells. 
For  oil  or  gas. 
Do. 

Smiles  above  1* 1,M8 

U  miles  sonthi> I'fln 

Charleston  Township. . . . 

1     iSS 

Swells. 

I  Record,  W.  Vs..  Oeol.  8unr.  RepL,  vol.  1  (a), 
1904,  pp.  45»-l60. 
tlMd..  pp.  461-402. 
«Ibld..  pp.  448-452. 
« Ibid.,  p.  469. 
*  Ibid.,  pp.  446-447. 


•  W.  Va.  Geol.  Surv.  Rept,  voL  1,  pp.29MN. 
T  Ibid.,  vol.  1  (a),  1904,  p.  450. 

•  W.  Va.  Qeol.  Surv.  Kept,  voL  1,  pp.  S 
•Ibid.,  p.  289. 

10  Record,  ibid.,  vol.  1  (a),  1904,  pp.  487- 
"  Ibid.,  pp.  4fi8-480. 


PRINCIPAL   PUBLICATIONS   RELATING   TO   DEEP   BORINGS  IN 

WEST   VIRGINIA. 

Weift  Virginia  Uecilofi^ical  Survey  ReportH,  Volume  I,  l>y  I.  C.  White,  382  ptg» 
Moigantown,  1899. 

Seventh  report  on  the  oil  and  gas  fields  of  wefltem  Pennsylvania  for  1887-1888, 
by  J.  F.  Carll:  Pennsylvania  Stn^ond  (ieological  Snr^'ey,  Volume  I*,  366  pages,  HarriB- 
burg,  1890. 

Went  Virginia  (feologi(«l  8urv<»y  Reportfls  volumo  2,  Moigantown,  1903. 

Oil  and  gaH  levels,  ))y  I.  C.  White,  state  ge<^logiHt:  West  Virginia  Geological  So^ 
vey  Kei)orttt,  volume  1  (a),  1904,  Morgantown,  W.  Va. 

United  States  (n^ological  Survey  Atlas,  folios  Nos.  «i9  and  72,  by  M.  R.  OampbeU. 

WISCONSIN. 


IXM'Htioil. 


Brown  County: 

Ankoaton 

Grt*enl>ay 

Wwjt  Depvre 

BuIThIo  County: 

ITme 

C-alumet  C'^mnty: 

HhcrwocMl 

C^)Iunibia  (kmnty: 

Kilbourn 

(Crawford  County: 

Prairie  (lu  Chieni. 


Dane  County: 

MadiHon 

Do 

Htoughton 

Door  County: 

Tornado 

Douglan  C-ounty: 

Superior 

Fond  du  Lac  County: 

Fonddu  Lac 

Do 

Do 

Do.« 

Waupun 


Depth. 

Fnt. 

KIO 

471 

l,(Br> 


736-S21 

700 

1,009 

1,(M0 

927 


Diam- 
eter. 

Yield  per 
minute. 

IlelKht  of 
water. 

fV//. 
-  li} 
1    14 
t    2t> 

Inches. 

aailons. 
7 

70 
250 

5' 

C 

8^1 
10 

(MX) 
Many. 

8-6 

G 

10 
10 
10 

Many. 

-ri2 

Many, 
Many. 
Many. 

-  10 

-  10 

-  10 

<W» 

» Rt^eord,  Wi«.  Geol.  Hun'.  Kept., 
pp.  6lHi2. 


7fi0 
COO 
4W  ' 

800 
187»-1K79,  vol.  4.         « Ibid..  lK7^l8n,  vol.  2,  p.  ir»3. 


Remarki. 


Temp.,  68°:  fleveral  well*- 
Temp.,  65°. 


Temp.,  56°:  water  slighUy 
salty;  brine  at  514  f«et; 
Hevenil  wclln. 

Several  wells;  temp.,  SI". 
2  wells. 


Water  brackish. 


2  wells. 
Do. 
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Location. 


Depth. 


Diame- 
ter. 


Yield  per 
minute. 


Height  or 
water. 


RemarkM. 


ant  Coanty: 
CaflSTille  .... 

Millville 

Patch  Grove. 


PUtteville.. 
freen  Ck>unty: 
Brodhead .. 


Monroe 

•  rcen  Lake  Coanty: 

Berlin 

Do 

elTerson  County: 

Palmyra* 


\\  aterlown 

iineaii  County: 

"'X::::::::: 

Cenoetha  County: 

Bristol 

Keno»ha 

^■A  ('ros»e  County: 
LaCrosse^ 


Onalajtka 

Manitowoc  County: 
Two  Rivers 


Marinclte  Cx»unty: 
Marinette 


Menomonee  Falhi .. 

Milwaukee  County: 

Milwaukee' 

Milwaukee  (near)*. 
Do 

Monroe  C/Ounty: 

Oil  City* 


Tomah« 

Do 

'Oconto  County: 

Ot'onto 

^^uiaRamie  County; 

Appleton 

Combined  Locks  . 

Dale 


Fed. 
1,100 
487 
487 

1.000 

1,000 


+400 


Kaukauna 

'*«?pin  County; 

Durand  .... 

Durand  (6  miles  south- 
east) 
"^^erce  County: 

River  Falls 

Do 

Rockeim  

«Ucine  County: 

Burlington 

Do 


425 
460 

750 

1,145 

500  or  600 
900 

815 
1,805 

578 

450 

1,700 

716 

1,700 


1,048 

1,200 

940-1,700 


492 
600 

600 
790 
490 
629 
643 

550 
402 


500 
400 
520 

1,000 
WX) 
1,500 
l,r»09 
1.24U 
1.3'x» 
750 
1,263 


Inches. 

6 

7 

9-6 


Racine 

Racine' i 

Do 

Richland  Center 

Western    Union    June    | 
non." 
Rock  County:  |  1 

Clinton 6=>0  I 

Janesville*. 1. 100-1, (XW  i 

Janesvilie  (fair  ground ) .  f  1 ,  100  ' 

' Record,  Wig.  Geol.Surv  Kept..  1«73-1«77 
pp.  161-162. 
-Ibid..  1873-1879.  vol.  4.  pp.  W)-61 
Mbid..  187a-1877,  vol.  2,  p.  |64. 
Unaiysis,  ibtd..  p.  164. 


0€Ul(m$. 

Many. 

Several. 

Several. 


FkL 

Flows. 
-360 
-440 


4-8 


Each  160 


+  12 


600 


+    3 

+     3 

-  14 

+  11 

No  flow. 


100 

284 

Many. 

Many. 

Many. 


Many. 
300 


Many. 


Many. 


10-6 


8-6 
8-6 

8 


180 
2 


2U0 
200 


Many. 
!     Many. 


..  I     Many. 

4        Many. 

b  ,        2.400 

Few 


vol.  2, 


Many. 

i  500 

Not  any. 


32 


-  16 

To  surface. 

No  flow. 

+  21 


Nearly  to 
top. 


+  60 
+  60 


+  -26 
No  flow. 


-f-  24 


+  35 
-282 


-  6 
-  6 
-120 

Flows 


+  65 

■^  92 

11 

-   40 


-   30 

-h  35 


No  flow 


Good  water:  2  other  sim- 
ilar wells  in  vicinity. 


2  wells:  water  from  2S0  to 
800 feet  mainly;  granite, 
700  to  1,000  feet;  temp., 
029. 


Temp.,  52°. 

Water  at  263  feet;  oil  at 

257  feet. 
Temp.,  47<>. 

Not  in  use. 


Some  lime  and  iron;  city 
supply. 


Abandoned:  granite  in 
bottom. 

Water  at  406  and  416  feet 
only;  granite  at  716  feet; 
temp.,  49°. 


11  wells. 

Main  body  of  water  at  300 
feet. 


Temp.,  50°. 


2  wells. 


(iood  water. 
Do. 


No  water  below  403  feot. 
Abandoned. 


2  wells. 
Several  wells. 


2  wells  and  magnesia  wa- 
ter to  -h48  at  683  feet. 
Abandoned 


»  Record,  ibid.,  i?*73-l879,  vol  4,  pp.  59-60. 

•Ibid,,  p.  60. 

'Ibid..  Irt73-lh77.  vol.  2,  p  163- 

«lbid..  pp.  162-16JJ 

»lbid.,  p.  153, 
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Location.                       Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

St.  Croix  Couiily:                            Feet. 

Hudson 400-500 

Sheboygan  County: 

Haven 600 

Do 4-20 

Inches.    1  Gallon*. 

Feci. 

1 

-  40 

11 

+  104 

-  12 

+  26 

-  30 

No  flow. 
-155 
-H  20 

::':r: : 

Sheboygan» 1,475 

Trempealeau  County:             i 

Independence J.'W 

4  ,            L-5 

Temp.,  f»o;  flow  1 
feet. 

Well  in  bad  order 

Vernon  County: 

DeSoto 

466 

6                126 

doned. 
Temp.,  52°. 

Genoa 

Walworth  County: 

East  Troy 

460 
2  200 

6 

•200 

Elkhorn 

Whitewater 

u 

S-6 

Many. 
200 

40 
Many. 

Washington  County:               1 

Hartford 1               «»20 

To  be  deepened. 

Westbend 1,500 

4 

-  35 

-  4 

Waultesha  County:                  ' 

Waukesha 1.000-1..500 

Several  wells 

Winnebago  County: 

Oshkoshs 

Do 

961 
700 

6 

Many. 

Granite  below  7001 

Do.« 

695 
537 
613 
505 

6 
5 
5 
5 

Many. 
Many. 
Many. 
Many. 

-  1 

-  1 

-  4 

Granite  below  665 1 

Do 

Oshkosh  (normal  school) 
Oshkosh 

Several      other 

wells. 

'  Record  and  analyKis,  Wis.  Geo).  Surv.  Kept., 
1873-1877,  vol.  2,  ,  p.  164. 


-Record,  ibid.,  p.  156. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  WISCONS 

WiHoonsin  (Jeolo^ioal  Survey  Report^**,  187.S-1877,  volume  2,  part  2,  ]>ages  97 
Wisconsin  Geological  Survey  Reports,  187;>-lS7i»,  volume  4,  part  1,  98  pages, 

WYOMINC;. 


L(H-ation. 

Depth. 

Fat. 

5'JO 

•     540 

1.U15 

1.470 

510 

.540 

450 

4H7 

500 

-H.OOO 
1.1.^ 

1.080 

HH5 

1..^00 

soo 

m\ 

^00-1.200 
1.2(M) 

l.;iOO 

Diaiuo- 
tcr. 

ln<'hf». 

Yield  per 
minute. 

Gallons. 

HeiKht  of 
water. 

Fnt. 

Remarks. 

Albanv  County. 

.ItToine  • 

.Indson 

1       Few. 

1              80 

Flows. 
Flows. 

Sulphur  water. 
G<x)d  water. 

Laramie 

Do 

Leach  

5 


4i 

No  flow. 
Flows. 

( ).\  ford  Ranch 

Few. 
■200 

Am 

1 

For  oil:  unsiucessf 
Several  wells 

Carbon  County: 

Rawlin.s 

Do 

Flowed 
origi- 
nallv. 

F  1 0  w  c  <1 
0  r  i  g  i  - 
nail  v. 
-{    20 

Do 

Converse  County: 

Douglas 



Water  from  46<;  fee 

Croolc  County. 

Aladdin 

1 

No  water 

Do 

Croion 

Felix 

Gilleiie 

-  IvS 

Moorcron  (8  miles  north- 

west). 
Moorcroft     (10    miles 

northwest). 
Rozet     

Several. 
Few. 

Flow. 

•J  small  oil  wells.' 

Fremont  County: 
Dallas    . 

Oil  wells. 

Oil  and  sulphur  w; 

Water  at  358 and  1. 

Mullen 

Johnson  County: 

Sussex 

» Analysis,  II.  S.  (ieol.  Survey,  21st  .-\nn.  Rept..  1H.H9-1890,  part  1.  p.  571. 
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Location. 

Depth. 

Diame- 
ter. 

Yield  per 
minute. 

Height  of 
water. 

Remarks. 

nie  County: 

heyenne 

FKt. 

1.146 
800 

1,130 
80^1,200 

700 
MO 
540 

1.000 
2,400 

1,363 

1,200 

4»i 

2.:H5 

1,002 

520 

1,950 

1.340 

420 

720 

650 

980 

Inches. 

Gallons. 

I^et. 

ort  D.  A.  Roasell 



No  water  below  siuiace 

»na  County: 

il  City* 

supplies. 

Oil  and  gas. 
Oil  wells. 

Ut  Creek  Oil  Field «.... 

dan  County: 
learmont 

-100 

Moderate  supply  of  water. 

heridan 

2» 

k 

erona 

-100 

Do. 

t water  County: 
Imond 

Strong  sulphur  water. 
Water-bearing  beds  at  30 

ock  Springs  (6  miles 

13 

south). 

and  90  feet;  small  show- 
ing of  oil  at  626  feet. 

I  County: 

vanston 

14-10 

+i 

illiard 

For  oil;  unsuccessful. 

jn  County: 

ambria* 

liiton  (north  of) « 

Few. 

Flows. 

Mineral  water. 

irome  Siding  Ton  Bur- 
lington and  Missouri 
River  R.  R.). 
ewoastle 

Several. 

FlnwH 

For  oil;  unsuccessful. 

Do 

i^mc  oil  at  about  400  feet. 

r>o 

Some  oil. 

ewcastle  (3^  miles 

No  product. 

Large  supply  of  water. 

Satisfactory    supply    for 
railroad  use. 

southwest), 
ewcastle  (1|  miles 

wuthwest). 

horn  ton 

No  flow. 

1 

'<*ord.  etc.,Wyo.  Geol.  Ann.  Rept.,18S8,p.32. 
•cord.  Wyo.  Univ.  Bull.  No.  1  (Petroleum 
).  1896,  pp.  Ii^l9. 


» Record,  U.  S.  Geol.  Surv.,  2l8t  Ann.  Rept.,  1889- 
1900,  pt.  4.  p.  572. 
*Ibid.,  p.  57L 
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WEIR  EXPERIMENTS,  COEFFICIENTS,  AND 
FORMULAS. 


B}^  Robert  E.  Horton. 


INTRODUCTION. 

DEFINITIONS  OF  TERMS. 

The  word  '^weir''  will  be  used  to  describe  any  structure  used  to 
determine  the  volume  of  flow  of  water  from  measurements  of  its 
depth  on  a  crest  or  sill  of  known  length  and  form.  In  this  general 
sense  timber  and  masonry  dams  having  various  shapes  of  section, 
reservoir  overflows,  and  the  like  ma}^  bo  weirs.  Terms,  more  or  less 
synonymous,  used  to  describe  such  weirs  are  "comb,"  "wasteway," 
^'spillway,"  ''overwash,"  '^roUway,"  and  "overfall.'- 

The  French  term  "  nappe,"  suggesting  the  curved  surface  of  a  cloth 
hanging  over  the  edge  of  a  table,  has  been  fittingly  used  to  designate 
the  overfalling  sheet  of  water. 

The  expression  "wetted  underneath"  has  been  used  to  describe  the 
condition  of  the  nappe  designated  by  Bazin  as  "noy^es  en  dessous," 
feiignifying  that  the  water  level  between  the  nappe  and  the  toe  of  the 
weir  is  raised  by  vacuum  above  the  general  water  level  below  the 
weir. 

"Thin-edged  weir"  and  "sharp-crested  weir"  are  used  to  designate 
a  weir  in  which  the  nappe,  or  overfalling  sheet,  touches  only  the 
s^mooth,  sharp  upstream  corner  or  edge  of  the  crest,  the  thickness  of 
which  is  probably  immaterial  so  long  as  this  condition  is  fulfilled. 

A  "suppressed  weir"  has  a  channel  of  approach  whose  width  is  the 
length  of  the  weir  crest. 

A  "contracted  weir"  has  a  crest  length  that  is  less  than  the  width 
of  the  channel  of  approach. 

The  term  "chaiuiel  of  approach,"  or  *' leading  channel,"  defines  the 
body  of  water  immediately  upstream  from  the  weir,  in  which  is 
located  the  gage  l)v  which  the  depth  of  overflow  is  measured. 

"Section  of  approach"  may  refer  to  the  cross  section  of  the  leading 
channel,  if  the  depth  and  width  of  the  leading  channel  are  uniform; 
otherwise  it  will,  in  general,  apply  to  the  cross  section  of  the  channel 
of  approach  in  which  the  gage  is  located. 
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'*  Weir  section  "  refers  to  the  cross  section  of  the  overflowing  stream 
iti  the  plane  of  the  weir  crest. 

'* Crest  contraction""  refers  to  the  diminished  cross  section  of  the 
overflowing  stream  i*esulting  from  the  upward  curvature  of  the  lower 
water  filaments  in  passing  the  crest  edge.  It  does  not  include  the 
downward  curvature  of  the  water  surface  near  the  weir  crest. 

The  ''vertical  contraction  of  the  nappe'"  includes  both  the  crest 
contraction  and  the  surface  contmction. 

'^Incomplete  contraction''  may  tiike  place  either  at  the  crest  or  at 
the  ends  of  a  weir,  and  will  occur  when  the  lK)ttom  or  side  walls  of 
the  channel  of  approach  are  so  near  the  weir  as  to  prevent  the  com- 
plete curvature  of  the  water  tilaments  as  they  pass  the  contracting 
edge. 

Dimensions  are  uniformly  expressed  in  feet  and  decimals,  velocities 
in  feet  per  second,  and  quantities  of  flow  in  cubic  feet  per  second, 
unless  otherwise  stated  in  the  text. 

In  the, preparation  of  this  paper  much  computation  has  been  involved 
and  it  is  expected  that  errors  will  appear,  which,  if  attention  is  called 
to  them,  may  be  corrected  in  the  future.  Information  concerning 
such  errors  will  l)e  gmtefully  received. 

NOTATION. 

The  sj^mhols  given  below  arc  used  in  the  values  indicated.  The 
meaning  of  additional  symbols  as  used  and  s|XM'ial  uses  of  those  that 
follow  are  given  in  the  text: 

/)=Moa.«ure(l  or  actual  depth  on  tlie  crest  of  weir,  usually  il(»teniiined  an  the  differ- 
ence of  elevation  of  the  weir  crest  an<l  tlie  water  level,  taken  at  a  {>oint 
HUliiciently  far  upstream  from  the  weir  to  avoid  the  surface  curve. 

//=The  head  correct eri  for  the  effect  of  velocity  of  a[)i>r(>ach,  or  the  observed  head 
where  there  is  no  velocity  of  approach.  As  will  he  explained,  D  is  applied 
in  formulas  like  Hazin's,  in  which  the  correction  for  velocity  of  approa<*.h  is 
included  in  the  coefficient,  /fis  applied  in  formulas  where  it  is  eliminated. 
r=Mean  velocity  of  aj)proach  in  the  leading  channel,  usually  taken  in  a  cross  sei*- 
tion  opposite  which  1)  is  determined. 

/i  =  Velo<'itv  head=(r.,  • 
2(j 

(7=  Acceleration  hy  gravity.     A  alue  here  used  :i2.  Irt. 
P=Hei^ht  of  weir  crest  ahove  hottom  of  channel  (»f  approa<h,  where  channel  is 

rectangular. 
1V'=  Width  of  channel  of  apj)roach  where  J>  is  measured. 
^=Area  of  cross  section  of  channel  of  approach. 

rT=An^a  of  channel  sei'tion  where  I)  is  measured,  per  unit  len;jrth  of  crest, 
a = Area  of  weir  section  of  <lis<rhar^e=/>  L. 
/>=.\ctual  length  of  weir  cre.^t  for  a  suppressed  weir,  <»r  Icnjrth  corrected  for  end 

contractions,  if  any. 
//=Actual  length  of  cre.«^t  of  a  weir  with  end  <'ontractions. 
A''=Nunil)er  of  complete  end  contractions. 
/;=Brea<Hh  of  crt^st  of  a  hroad-cre>«ted  weir. 
^'=  Batter  or  Rloym  of  crest,  Iwt  horizontal  U)  one  v**rtical. 
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<i=Depth  of  creet  sabmergence  in  a  drowne^l  or  submerged  weir. 
<^= Volume  of  discharge  per  unit  of  time. 
C  Mj  m,  /i,  a,/,  eU\,  empirical  coefficients. 

BASE  FORMULAS. 

The  following  formulas  have  been  adopted  by  the  engineers  named: 

Q=^  MLH'j'lgH.  Hamilton  Smith  (theoretical). 

^^LH^^gH,  Bazin,  with  no  velocity  of  approach. 

=mLD'j^lgD.  Hazin,  with  velocity  of  approach. 

=  CLII^.  Francis  ^  (used  here). 

=  ( 'LII^+fL.  Fteley  and  Stearns. 

EQUIVALENT   COEFFICIENTS. 

The  relations  between  the  several  coefKcients,  so  far  as  they  can  be 
jriven  here,  are  as  follows: 

M  is  a  direct  measure  of  the  relation  of  the  actual  to  the  theoret- 
ical weir  discharge. 

APPROXIMATE  RELATIVE  DISCHARGE  OVER  WEIRS. 

For  a  thin-edged  weir,  the  coefficient  C  in  the  Francis  formula  is 
3.33=--.  Let  (■'  be  the  coefficient  for  any  other  weir,  and  x  the 
relative  discharge  as  compared  with  the  thiii-edt^ed  wnur,  then 

'< <» 

^^  =  100.r=30r. 


or,  as  a  percentage, 


aThe  oocfflcieut  C  of  rmiicis  inclmlcM  all  the  coimtant  or  cmpiricttl  factore  appeariiif?  in  thai 


fonnula,  which  Ih  thus  thn)wn  into  the  nimplest  fonn  for  computation. 
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This  expression  will  be  found  convenient  in  comparing  the  effect  on 
discharge  of  various  nioditications  of  the  weir  cross  section.  For  a 
broad-crested  weir  with  stable  nappe,  C\=2.iy4:,  see  p.  121.  The  dis- 
charge over  such  a  weir  is  thus  seen  to  be  79.2  per  cent  of  that  for  a 
thin-edged  weir  by  the  Francis  formula. 
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THKOIIV  OF   WEIR  MEASl  RKMKXT8. 

DEVELOPMENT    OF    THE    WEIR. 

The  weir  as  applied  to  stream  gaging  is  a  sp(»cial  adaptation  of  mill 
dam,  to  whicli  the  term  weir,  meaning  a  hindrance  or  obstruction,  has 
been  applied  from  early  times.  The  knowledge  of  a  definite  relation 
between  the  length  and  depth  of  overflow  and  the  quantity  also  proba- 
bly antedates  considerably  the  seientitic  determination  of  the  relation 
between  these  elements. 

In  theory  a  weir  or  notch''  is  closely  related  to  the  orifice;  in  fact? 
an  orifice  becomes  a  notch  when  the  wat(M*  hn'cl  falls  below  its  upp^^ 
boundary. 

THEOREM    OF    TORRICELLI. 

The  theorem  of  Torricelli,  enunciated  in  his  I)e  Motu  Graviuni 
Naturaliter  Accelerate),  1<>4;-^,  states  that  f/h'  n/ocUf/  (tfafluldjxisHi^^J 
tJiroiK/h  ((n  itrijice  in  the  suit'  of  a  naervolr  is  tht  same  as  that  ichiCh> 
inntlil  he  acquired  tnj  a  heari/  hodij  faUimj  freely  thnnujh  the  vertic^^^ 

"rominonly  applied  to  a  deep,  luuxow  vceu. 
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height  measured  from  the  surface  of  the  fukl  in  the  re^eri'f^ir  to  the 
't-nter  of  the  orifice. 

This  theorem  forms  the  basis  of  hydrokinetics  and  renders  the  weir 
incl  orifice  applicable  to  stream  measurement.  The  truth  of  this  prop- 
osition was  confirmed  by  the  experiments  of  Mariotte,  published  in 
1685.  It  can  also  be  demonstmted  from  the  laws  of  dynamics  and  the 
principles  of  energy. '' 

ELEMENTARY  DEDUCTION  OF  THE  WEIR  FORMULA. 

In  deducing  a  theoretical  expression  for  fiow  over  a  weir  it  is 
issumed  that  each  filament  or  horizontal  lamina  of  the  nappe  is  actu- 
ited  hy  gravity  acting  through  the  head  above  it  as  if  it  were  flowing 
:hrough  an  independent  orifice.  In  tig.  1  the  head  on  the  successive 
>rifices  being  //j,  //„  J^,  etc.,  and  their  respective  areas  A^^  ^4,,  ^4,, 
*tc.,  the  total  discharge  would  })e 

<?=  (7 V2^[^J,//,'  +  -l,//,^  to +.!„//,>].     ...    (2) 

0 


Fig.  1. — Torricellian  theorem  applied  to  a  weir. 

If  the  small  orifices  A  be  considered  as  successive  increments  of  head 
//,  the  weir  formula  ma}^  be  derived  by  the  summation  of  the  quantities 
in  parentheses,     ^comprises  n  elementary  strips,  the  breadth  of  each 

is—.     The  heads  on  successive  strips  are     ,    — ,  etc.,  and  the  total 

becomes 

+^4i,  etc.,  for  a  i 
series  Vl+V^+V3+  to  4n.^\  /'^ 


where  — — =J+^4i,  etc.,  for  a  rectangular  weir.     The  sum  of  the 

\\ 

Hence  the  discharge  is 


The  above  summation  is  more  readily  accomplished  by  calculus. 


aHec  \\\hh\.  EJcnieiitary  McchanicH,  p.  161,  a\tto\>«'^'^- 
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APPLICATION  OF  THE  PARABOUG  LAW  OF  VELOCITY  TO 


I 


The  following  elementary  demonstration  clearly  illustrates  the  cbir- 
acter  of  the  weir: 

According  to  Torricelli's  theorem  (see  fig.  1),  the  velocity  {v)dt 
filament  at  any  depth  {x)  below  surface  will  be  v=^^igx.  This  is  the 
equation  of  a  parabola  having  its  axis  6^X  vertical  and  its  origin  0 
at  water  surface.  Replacing  the  series  of  jets  by  a  weir  with  crest  it 
Xf  the  mean  velocity  of  all  the  filaments  will  be  the  average  ordintte 
of  the  parabola  OPQ.  The  average  ordinate  is  the  area  divided  hj 
the  height,  but  the  area  of  a  imrabola  is  two-thirds  that  of  the  circum- 
scribed rectangle;  hence  the  mean  velocity  of  flow  through  the  weir 
is  two-thirds  the  velocity  at  the  crest;  i.  e.,  two-thirds  the  velocitf 
due  to  the  total  head  J7on  the  crest.  The  discharge  for  unit  length 
of  crest  is  the  head  11^  or  area  of  opening  per  unit  length,  multiplied 
by  the  mean  velocity.  This  quantity  also  represents  the  area  of  the 
pai-abolic  velocity  curve  OPQX,  The  mean  velocity  of  flow  in  the 
nappe  occurs,  theoretically,  at  two-thirds  the  depth  on  the  crest 

The  modification  of  the  theoretical  discharge  by  velocity  of  approach, 
the  surface  curve,  the  vertical  contraction  at  the  crest,  and  the  various 
forms  that  the  nappe  may  assume  under  different  conditions  of  aera- 
tion, form  of  weir  section,  and  head  control  the  practical  utility  of  the 
weir  as  a  device  for  gaging  streams. 

GENERAL  FORMULA  FOR  WEIRS  AND  ORIFICBS.o 

Consider  first  a  rectangular  opening  in  the  side  of  a  retaining  vessel. 
The  velocity  of  flow  through  an  elementary  layer  whose  area  is  lAy 
will  be  from  Torrieelli's  theorem: 


FIG.  2.— Rectangular  orifice. 


The  discharge  through  the  entire  opening  will  bo,  \y^v  unit  of  time, 
neglecting  contractions, 


Q= 


I    '1_ 

III, 


(4) 


oThe  correlation  of  the  weir  and  orifice  haH  been  given  by  Merriman.    See  Hydraulics,  pp. 
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This  is  a  general  equation  for  the  flow  through  any  weir  or  orifice, 
;tangu1ar  or  otherwise,  Q  being  expressed  as  a  function  of  y.  In 
5  present  instance  L  is  constant.     Integrating, 

<?=|ZV^  (//,*-//.*) (5) 

For  a  weir  or  notch,  the  upper  edge  will  l>e  at  surface,  11^=  O,  and 
[ling"  //,=  Zrin  equation  (5), 

<^=|zV2y//* (6) 

In  the  common  formula  for  orifices,  only  the  head  on  the  center  of 
•avity  of  the  opening  is  considered. 

Expressing  /^  and  //j  in  terms  of  the  depth  //  on  the  center  of 
•avity  of  the  opening  and  the  height  of  opening^/,  Merriman  obtains, 
ter  substituting  these  values  in  and  expanding  equation  (5)  by  the 
nomial  theorem,  the  equivalent  formula, 

<?=^ZV2,7.[l-^^^^-J^^'^-^-^'^.etc.]    .     .    (7) 

The  sum  of  the  infinite  series  in  brackets  expresses  the  error  of  the 
ordinary  formula  for  orifices  as  given  by  the  remainder  of  the  eqUa- 
ion.  This  error  varies  from  1.1  per  cent  when  h=d  to  0.1  per  cent 
rvhen  h=Sd. 

VERTICAL  CONTRACTION. 

Practical  weir  formulas  differ  from  the  theoretical  formula  (6)  in 
hat  velocity  of  approach  must  be  considered  and  the  discharge  must 
>o  modified  by  a  contraction  coefficient  to  allow  for  diminished  sec- 
ion  of  the  nappe  as  it  pjisses  over  the  crest  lip.  Velocity  of  approach 
^  considered  on  pages  14  to  20.  Experiments  to  determine  the  weir 
^efficient  occupy  most  of  the  remainder  of  the  paper.  The  nature  of 
'^e  contraction  coefficient  is  h(M'e  described. 

Vertical  contraction  expiesses  the  relation  of  the  thickness  of  nappe, 
-i  in  the  plane  of  the  weii-  crest,  to  the  depth  on  the  crest,  //.  If  the 
Htio/<  //were  unity,  the  discharge  would  conform  closely  with  the 
'^pression 

(>-:2  8  Z//V'2r///T 

^he  usual  coefficient  in  the  weir  fonimla  expresses  nearly  the  nitio 

//. 

The  vertical  contraction  comprises  two  factors,  the  surface  curve  or 
epression  of  the  surface  of  the  nappe  and  the  contraction  of  the 
nder  surface  of  the  nappe  at  the  crest  edge.     The  latter  factor  iw 
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particular  will  vary  with  form  of  the  weir  cross  section,  and  m  gi 
eral  variation  in  the  vertical  contraction  is  the  principal  nouroeflij 
variation  in  the  dincharge  coefficient  for  various  forms  of  weirs. 

The  usual  base  weir  formula,  Q=2!S  ZHy^gH,  is  elsewhere  giTS 
for  an  orifice  in  which  the  upper  edge  is  a  free  surface.     If  iiuteil  j 
the  depth  on  the  upper  edge  of  the  orifice  in  d^  the  surface  contraction, 
there  results  the  formula 


Q==lMZ^|2ff(^H^^d^^ 


This  is  considered  as  the  true  weir  formula  by  Merrinian.<>  In  this 
formula  only  the  crest-lip  contraction  modifies  the  discharge,  neoesffl- 
tating  the  introduction  of  the  coefficient.  The  practical  difficultioB  of 
measuring  d  prevent  the  use  of  this  as  a  working  formula. 

Similarly  a  formula  may  be  derived  in  which  only  the  effectire 
cross  section  8  is  considered,  but  even  this  will  require  some  correctioB 
of  the  velocity.  Such  formulas  are  complicated  by  the  variation  off 
and  d  with  velocity  of  approach.^  Hence,  practical  consideratkns 
included,  it  has  commonly  been  preferred  to  adopt  the  convenifiiit 

2  

base  formula  for  weirs,  Q=o  MLH^'^gR^  or  an  equivalent,  and  throw 

all  the  burden  of  corrections  for  contraction  into  the  coefficient  Jf. 

VEIiOCITY  OF  API^ROACn. 

THEORETICAL  FORMULAS. 

Before  considering  the  various  practical  weir  fommlas  in  use  some 
general  considerations  regarding  velocity  of  approach  and  \\&  effect  on 
the  head  and  discharge  may  be  presented. 

In  the  general  formula  (4)  for  the  (^fllux  of  water  when  the  wat«r 
approaches  the  orifice  or  notch  with  a  velocity  /%  then  with  free  dis- 
charge, writing  />+/<  in  place  of  //,  for  a  rectangular  orifice,  we  have 

Q=    I    \l'^f/!/   .7^-7 (9) 


/>j  and  /A  being  the  measured  depth  on  upper  and  lower  edges  of  the 
orifice,  and  //  =  ,,,  the  velocitv  head. 
To  assume  that  D-\-h  equals  //  is  to  assume  that  the  water  level  is 

n  Hydmulics.  }i.  123. 

6  Sec  Trautwliio  and  Marichal'.s  tranHlation  of  Bazin'.s  Kx  peri  men  ts,  pp.  231-307,  where  mar  also  be 
found  othtT  data,  including  a  i^sumc  of  M.  BoUf«int^q".s  elaborate  studies  of  the  vertical  contrac- 
tion of  the  nappe,  which  appeared  in  Couiptcs  Reudus  de  1'  Aeadeniie  des  Seienee.s  for  October  24, 1887. 
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creased  by  the  amount  A,  or,  as  i8  of  ten  stated,  that  /fis  ''measured 
the  surface  of  still  water/'    This  is  not  strictly  correct,  how- 
2r,  Ijecause  of  friction  and  unequal  velocities,  which  tend  to  make 
—  />>/«,  as  explained  below. 
For  a  weir,  Dj  equals  zero;  integrating, 


^=|zV2r/[(i>+A)*-A*] 


Since  Q  =  gZV2^/f *,  we  have 

Zr=-j(/>+/0*-A*[* (9a) 

This  is  the  velocity  correction  formula  used  by  James  B.  Francis.* 
Since  A  appears  in  both  the  superior  and  inferior  limits  of  integra- 
>n,  it  is  evident  that  A  increases  the  velocity  onl}^  and  not  the  sec- 
m  of  discharge.  The  criticism  is  sometimes  made  that  Francis's 
uation  has  the  form  of  an  increase  of  the  height  of  the  section  of 
!^harge  as  well  as  the  velocity. 

The  second  general  method  of  correcting  for  velocity  of  approach 
nsists  of  adding  directly  to  the  measured  hea^l  some  function  of  the 
:locity  head,  making 


JI^D+ah 


the  formula 


q^CLIl^'lijH 


Q=CL{D+ah)^2(j{I)+ah) i)h 

This  is  the  method  employed  by  Boileau,  Fteley  and  Ste^irns,  and 
azin.  No  attempt  is  made  to  follow  theory,  but  an  empirical  correc- 
on  is  applied,  affecting  both  the  velocity  and  area  of  section. 

By  either  method  /•  must  be  determined  bv  successive  approxima- 
ons  unless  it  has  been  directly  nieasiMcd. 

Boileau  and  Bazin  modify  {%)  so  as  to  include  the  area  of  section  of 
baunel  of  approach,  and  since  the  velocity  of  approach  equals  Q  .1, 

separate  determination  of  /'  is  unnecessary.  Bazin  also  combines 
be  factor  for  velocit\'  of  a})proach  with  the  weir  coefficient. 

The  various  modifications  of  the  velocity  correction  formulas  are 
fiven  in  conjunction  with  the  weir  fornmlas  of  the  several  experi- 
Denters. 


<iBoveyiBriye8  similar  proof  of  this  fonmila  for  the  nddltionnl  ('hs«*s  of  (1)  iin  orirtce  witii  free  dis- 
mrge,  (2)  a  submerged  oritice,  (3)  ii  partially  .submerged  oriflce  or  drowned  weir,  thus  estnblishiDg 
sgcuerality. 
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DISTRIBUTION  OF  VELOCITY  IN  CHANNEL  OF  APPROACH. 

The  discharge  over  a  weir  takes  place  by  virtue  of  the  potential 
energy  of  the  layer  of  water  lying  above  the  level  of  the  weir  crest, 
which  is  rendered  kinetic  by  the  act  of  falling  over  the  weir.  If  the 
water  approaches  the  weir  with  an  initial  velocity,  it  is  evident  that 
some  part  of  the  concurrent  energy  will  facilitate  the  discharge. 

The  theoretical  correction  formulas  may  not  truly  repre^nt  the 
effect  of  velocity  of  approach  for  various  reasons: 

1.  The  fall  in  the  leading  channel  adjacent  to  the  measuring  section 
is  the  source  of  the  velocity  of  approach,  and  this  fall  will  always  be 
greater  than  that  required  to  produce  the  existing  velocities,  because 
some  fall  will  be  utilized  in  overcoming  friction. 

2.  The  velocity  is  seldom  uniform  at  all  parts  of  the  leading  chan- 
nel and  the  energy  of  the  water  varies  accordingly.  This  effect  k 
discussed  later  (p.  17). 

3.  It  is  not  certain  just  what  portion  of  the  energy  of  the  water  in 
the  section  of  the  leading  channel  goes  to  increase  the  discharge. 


L ^^ 


I 


Fig.  3.— Distribution  of  velocities. 


In  general  the  threads  of  the  water  in  the  cross  section  of  the  chan- 
nel of  approach  to  a  weir  have  varying  velocities.     It  follows  that,  a;^ 
will  be  shown,  the  ratio  of  the  actual  energy  of  the  approaching  water 
to  the  energ}'  due  to  the  mean  velocity  will  he  greater  than  unity,  and 
for  this  reason  the  correction  for  velocity  of  approach  will  be  great^'^ 
than  if  the  energy  were  tliat  due  to  a  fall  through  a  head  produced  hv 
the  mean  velocity  r.     The  niorff  nearly  uniform  is  the  velocity  of  the 
water  in  the  leading  channel  the  smaller  will  he  the  necessary  coeft' 
cient  (X  in  the  velocity  head  fornuila.     The  velocity  may  be  rendered 
ver}'  nearly  uniform  by  the  use  of  stilling  racks  or  baffles.     Wher<^ 
this  was  done  in  the  experiments;  on  which  a  fornuila  was  based  (tha*^ 
of  Francis,  for  example)  a  larg(M-  velocity  of  a})proach  correction  tb*'*"* 
that  obtained  by  the  author  may  be  necessary  iiiiip})lying  the  formul*^ 
to  cases  where  tliere  is  wide  variation  in  the  velocity  in  the  leadii^^ 
channel.     To  avoid  such  a  contingency  it  is  desirable,  when  pract'*^ 
cable,  to  measure  head  to  surface  of  still  water.  b(M'ause  more  accural* 
results  can  be  obtained  and  wash  against  instruments  prevented. 
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The  vertical  and  horizontal  velocity  curvcH  in  an  open  channel  usu- 
ally closely  resemble  parabolas.  A  weir  interposes  an  obstruction  in 
the  lower  part  of  the  channel,  checking  the  bottom  velocities.  The 
velocity  is  not,  however,  confined  to  the  filaments  in  line  with  the  sec- 
tion of  the  discharge  opening  of  the  weir.  As  a  result  of  viscosity  of 
the  liquid,  the  upper  rapidly  moving  layers  drag  the  filaments  under- 
neath, and  the  velocity  may  extend  nearly  or  quite  to  the  chaiuiel  bot- 
tom. There  will  usually,  however,  be  a  line  (A  B  C,  fig.  8),  rising 
as  the  weir  is  approached,  below  which  there  is  no  forward  velocity. 

The  line  A  B  C  is  the  envelope  of  the  curves  of  vertical  velocity 
in  the  channel  of  approach. 

There  will  be  a  similar  area  of  low  velocity  at  each  side  of  the  chan- 
nel for  a  contracted  weir.  The  inequality  of  velocities  for  such  weirs 
being  usually  greater  than  for  suppressed  weirs,  it  follows  that  a 
larger  coeflicient  in  the  formula  for  velocity  of  approach  ma}^  be 
required.     This  is  confirmed  by  experiment. 

Various  assumptions  have  been  made  as  to  what  portion  of  the 
energy  of  the  approaching  stream  goes  to  in  (grease  the  discharge,  (a) 
that  resulting  from  the  mean  velocity  deduced  from  the  discharge 
divided  by  the  area  of  the  entire  section  of  the  channel  of  approach; 
(b)  that  of  the  mean  velocity  obtained  by  using  the  sectional  area  of 
the  moving  water,  above  the  line  ABC,  fig.  3;  (c)  that  of  the  fila- 
ments lying  in  line  with  or  nearest  to  the  section  of  the  weir  opening, 
determined  approximately  by  the  surface  velocity." 

DISTRIBUTION  OF  ENERGY  IN  CHANNEL  OF  APPROACH. 

Consider  unit  width  of  the  channel  of  approacli: 
Let  t»,  =Surface  velocity. 

v^=iA can  veloci ty . 

Vf,  =  Bottom  velocity . 

V  =  Velocity  at  a  height  ,r  above  bottotn. 

jr=  Depth  of  water  in  channel  of  approach. 

w  =  Weight  of  unit  volume. 
The  geneml  formula  for  kinetic  energy  is 

K.  E.  =  ii^'     .     . (10) 

where  Tr=weight  of  the  moving  mass. 

If  the  velocity  increases   uniformly  from  bottom   to   surface,  the 
velocity  at  height  x  will  Ix^ 

''  =  'V.+  ^i-  ('V— o,). 


'« Smith,  Hamilton,  Uydraulias,  p.  68. 
IBB  150—06 2 
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Let  dx  be  the  thickness  of  a  lamina  one  unit  wide  at  height  x.    The 
total  kinetic  energj'  for  the  depth  Xwill  be 

K.  E.=     /.      (/^ft+^K-n))'^^    ....     (11) 


If  the  velocity  is  uniform,  the  total  kinetic  energy  per  unit  width 
is  found  by  integration  to  be 

K.  E.  =  --2— "*- (U) 

Integrating  for  the  simple  ittse  where  v^=On.nd  the  velocity  increasu 
uniformly  from  the  bottom  to  the  surfaije  so  that  v^=-Kj  we  have 

K.  E.=-"i^'V'! (13) 

Comparing  this  with  the  expression  for  kinetic  energy  of  a  stream 
flowing  with  the  imiform  velocity  v  (formula  12),  we  find  the  mass 
energy  of  the  stream  with  uniformly  varying  velocity  to  be  twice  as 
great  as  for  the  uniform  velocity. 

By  a  similar  integration  the  ratio  of  the  total  kinetic  energy  to  tlie 
kinetic  energy  corresiX)nding  to  the  mean  velocity  in  the  channel  of 
approach  can  be  obtained  for  any  assumption  as  to  the  distribution  of 
velocities  in  the  leading  channel.  The  resulting  ratio  will  depend 
upon  the  relative  areas  of  section  with  low  and  high  velocities  which 
go  to  make  up  the  mean,  and  in  pmetict*  it  will  generally  exceed  unit3\ 

The  lowering  of  the  water  surface  from  the  level  of  a  still  pond  will 
also  be  greater  in  the  case  of  unequal  v(^locities  than  in  the  case  of  a 
uniform  velocity  equal  to  their  mean.  The  theoretical  weir  formula 
indicates  the  same  discharge,  in  ctuse  of  a  uniform  velocity  of  approach 
t"  as  in  case  of  varying  velocities  whose  mean  is  e(|ual  to  r,  although 
in  the  former  case  the  actual  drawing  down  of  the  head  if  it  were 
measured  would  be  found  greater.  If  h  were  the  velocity  head 
corresponding  to  the  mean  velocity,  and  if  /',,  v.,,  7*3,  etc.,  v„  were  the 
actual  velocities  in  the  //  unit  areas  of  cross  section,  the  actual  velocity 
head  //'  w\\\  be  such  that 

^"'(y',*+/V+ctc.  r/)=//'^//'-antegml  K.  K. 
Now, 

''^V  .^^—^f^Qf^  —  Yi,  K.  of  average  velocity. 

As  shown  al)ove,  the  integml  K.  E.  is  the  greater. 
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It  follows  that  A'>A. 

If  ■  a=f(- 

Then 

h!  =  ah. 

Introducing  velocity  of  approach  in  the  discharge  formula  we  sub- 
stitute D+h  for  H^  and  integrate  between  the  limits  zero  and  D. 
Hence,  for  the  same  discharge,  the  area  of  weir  section  is  greater 
without  velocity  of  approacjh  by  nearly  the  amount  hL. 

For  a  given  measured  head  />,  the  effect  of  velocity  of  approach, 
whatever  it  may  be,  appears  as  an  increase  in  the  mean  velocity  of 
discharge  in  the  plane  of  the  weir.  The  relation  of  the  mean  velocity 
of  discharge  for  a  weir  with  velocity  of  approach  to  that  for  a  weir 
without  such  velocity  is  shown  by  the  following  expression,  the  mean 
head  l>eing  the  same  in  both  cases: 


Mean  velocity  in  the  plane  of  the  weir=^^ 


then  ^:^::D^:  (/>+A)*- A*. 

It  will  be  seen  that  the  discharge  over  a  weir  with  velocity  of 
approach  is  less  than  that  for  the  same  total  head  and  greater  than 
that  for  the  same  measured  head  without  velocity  of  approach,  and 
that  with  a  given  measured  head  the  greater  the  velocity  of  approach 
the  greater  will  be  the  discharge. 

In  a  weir  section  opening  out  of  still  water  there  is  always  a  con- 
siderable surface  velocity,  the  parabolic  law  (see  fig.  3)  being  modified 
by  fluid  friction,  which  tends  to  equalize  the  velocities.  Velocity  of 
approach,  being  asually  greater  at  the  surface,  furthers  this  equaliza- 
tion. Some  of  the  kinetic  energy  of  the  swifter-moving  filaments  is 
transferred  to  their  slower-moving  neighbors,  the  result  being  that 
while  the  kinetic  energy  of  the  whole  mass  Q  passing  the  weir  per 
second  remains  constant,  yet  the  average  velocity  is  accelerated  and 
the  discharge  rate  is  increased  as  compared  with  the  theoretical  quan- 
tities. This  will  be  clearer  if  we  consider  two  contiguous  filaments, 
each  having  unit  section  a^  one  with  a  velocity  of  1,  the  other  of  2  feet 
j>er  second.  The  two  will  discharge  2+1  units  flow  per  second,  hav- 
ing the  total  kinetic  energy  in(li(»atod  below: 

^    , ,       1X1»         ,  2X2«  aw 
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If,  now,  the  velocities  are  equalized,  0  units  of  kinetic  energy  will 
be  equally  divided  between  the  two  filaments,  so  that,  the  new  velocitr 
being  v^ 

2a2o-vX^^     daw 

»"<!  ^=71=1.651. 

The  average  velocity  l)efore  equalization  was  1.6. 

The  discharge  from  two  filaments  having  equal  velocities  will  be 
3.tS02  units,  as  compared  with  8.00  for  two  fihiments  having  uneqial* 
velocities. 

THE  THIN-KDGED  WEIB. 

EARLIER  EXPERIMENTS  AND  FORMULAS. 

Prior  to  1850  the  practice  of  weir  measurement  was  in  a  somewhat 
chaotic  condition,  especially  in  England,  Germany,  and  the  United 
States.  There  were  many  experimental  results,  but  the  experiments 
were  made  on  so  small  a  sc^le  that  the  various  influences  affecting  the 
measurements  and  the  lack  of  proper  standards  made  the  results 
erratic  and  untinistworthy  in  detail.  Greater  advancement  had  been 
made  in  France  by  such  savants  as  Dubuat,  Eytelwein,  D^Aubuisson, 
Castel,  Ponoelet,  Lesbros,  and  Boileau.  Some  of  the  work  of  the 
early  French  experimenters  has  proved,  in  the  light  of  wider  experi- 
ence, to  he  of  considerable  vahu^ 

KXPEKIMENT8   OF   CASTEL. 

The  first  experiments  deserving  considonition  are  of  those  of  M. 
Castel,  conducted  at  the  waterworks  of  Toulouse  in  1885  and  1836.* 
Castel  erected  his  apparatus  on  a  ternice  in  conjunction  with  the  water 
tower,  which  received  a  continuous  supply  of  1.32  cubic  feet  per 
second,  capable  of  being  increased  to  1.77  cubic  tcet  per  second.  The 
weir  consisted  of  a  wooden  dam,  surmounted  by  a  crest  of  copper 
0.001  foot  in  thickness,  situated  in  the  lower  end  of  a  leading  channel, 
19.5  feet  long,  2.428  feet  wide,,  and  1.77:^  feet  deep.  Screens  were 
placed  across  the  upper  end  of  the  channel  to  reduce  oscillations. 
The  head  was  measured  at  a  point  1.60  feet  upstream  from  the  weir  by 
means  of  a  point  gage.  The  oveiHow  was  measured  in  a  zinc-lined 
tank  having  a  capacity  of  113.024  cubic  feet.  Thi*  length  of  the  crest 
for  weirs  with  suppressed  contractions  vari<Kl  from  2.393  to  2.438 
feet.     Heights  of  weirs  varying  from  0.105  to  0.7»^S2  were  used,  and 


aOriginally  published  In  M<Jinoirc8  Acnd.  Sci.  Toulouse,  1837.  Sec  D'Anbuisson's  Hydraulics,  Ben- 
nett's translation,  pp.  74-77.  Datn  re<*oiiiputed  by  Haniiltoti  Smith  ii»  In.s  Hydraulics,  pp.  80-82  and 
138-14.').  The  recomputed  coefficients  will  be  found  valuable  in  calculating  discharge  for  very  small 
and  very  low  weln. 
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series  of  exixu'iments  was  performed  on  suppressed  weirs 
jet  long.  The  head  varied  for  the  longer  weirs  from  about 
25  foot.  Additional  experiments  were  made  on  contracted 
ring  various  lengths,  from  ().()328  to  1.6483  feet,  in  a  channel 
t  wide,  and  for  lengths  from  0.0328  to  0.6542  foot  in  a  chan- 
5  feet  wide.  The  experiments  on  these  narrow  slit  weirs 
depths  varying  from  0.1  or  0.2  foot  to  a  maxinuim  of  about 

uisson  gives  the  following  forn)ula,  derived  from  the  experi- 
Castel  for  a  suppressed  weir: 

(>=3.4872Z/>  V/>+0.035TP (14) 

"  is  the  measured  centml  surface  velocity  of  approach,  ordi- 
out  1.2<;. 

EXPEKIMENTS   OF   PONCELET    AND    LESBROS. 

:periments  made  })y  Poncelet  and  Lesbros,  at  Metz,  in  1827 
,  under  the  auspices  of  the  French  Government,  were  contin- 
<esbros  in  1836.  The  final  results  were  not  published,  how- 
il  some  3'ears  later.^ 

periments  of  Poncelet  and  Lesbros  and  of  Lesbros  were  per- 
ihiefly  on  a  weir  in  a  fixed  copper  plate,  length  5.562  feet. 
I  was  measured  in  all  cases  in  a  reservoir  11.48  feet  upstream, 
he  influence  of  velocity  of  approach.  The  crest  depth  varied 
ut  0.05  to  0.60  or  0.80  foot.  The  experiments  of  Lesbros 
)le  from  the  fact  that  a  large  number  of  forms  of  channel  of 
were  employed,  including  those  with  contracted  and  con- 
ddes,  elevated  bottoms,  etc.  The  experiments  of  Lesbros  on 
cial  forms  of  weirs  have  been  carefully  recomputed  by  Ham- 
ith,  and  may  he  useful  in  determining  the  discharge  through 
•^ing  similar  modifications.* 

EXPERIMENTS   OF   BOILEAU. 

periments  of  Boileau^  at  Metz,  in  1846,  included  3  suppressed 

ving  lengths  and  heights  iis  follows: 

ngth  5.30  feet,  height  1.54  feet. 

agth  2.94  feet,  height  1.12  feet. 

ngth  2.94  feet,  height  1.6(i  feet. 

jpth  of  overflow  varied   from  o.lJ)  to   0.72   foot.     Boileau 

the  following  formula  for  a  suppressed  w(ur: 

<y=X,.X,455^,^^^;+^^,_^^X/>^      ....      (15) 


iSxp^riences  hydrauli'iucs  siir  1«'S  loi.s  de  recoulement  de  I'eau,  PtiriM,  185*2. 
imith,  Hamilton,  Hydniulics,  y\>.  %  und  97  and  104-107.    Also  \>lat*»l-i\MLA^. 
\axigeage  ila  coiirs  trmu,  t'tc,  Pnrin.  lsr>o. 
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This  formula  iiu*ludes  the  correction  for  velocity  of  approach.  Tbe 
coefficient  O^  it  will  be  noticed,  is  friven  a-s  a  constant  Boileau  after- 
wards gave  a  table  of  corrections  vaiying  with  the  depth,  indicating! 
discharge  from  96  to  107  per  cent  of  that  obtained  with  the  conBtant 
coefficient.  Additional  experiments  by  Boileau  on  suppressed  wein 
having  a  crest  length  of  about  0.95  foot  have  been  recomputed  bj 
Hamilton  Smith.**  The  heights  of  weirs  were,  respectively,  2.028, 
2.690,  2.018,  and  2.638  feet.  In  these  experiments  the  discharge  ww 
determined  by  measurement  through  orifices. 

EAST  INDIAN   ENGINEERS'   FORMULA.* 

The  East  Indian  engineers^  formula  for  thin-edged  weirs  is 
Q=\  ML  4'^IP=  OLII^ 


where 


Reducing, 


C^^  V2r/  M=bM  M 
^^^_(<0,(Hi_a4._6+//]^^ 


(16) 


jr=0.654  - 
^'=3.4989- 


-0.01  // 
-0.0535  // 


I 


.    (17) 


This  formula  applies  to  a  suppressed  weir.  Method  of  correction 
for  velooity  of  approach  is  not  stated.  Coefficient  M  has  a  maximum 
value  0.()54,  and  decreases  slowly  as  the  head  increases.  Limits  of 
applicability  of  foriiuila  are  not  stat^^d.     Values  of  Care  given  below: 

Coi'jffirlent  (\for  thin-edged  urtTK,  FAtst  Indian  f'ntji}u'i'nf\fonnnla,^ 


Hill 
feot. 

0.0 

0.1 

0.2 

1 

O.l 

0.5 

CK«', 

0 

».499 

3.4M  ' 

3. 48S  i 

3.4s:j  1 

3. 478 

3.472  i 

3.  Iti7 

1 

3.445 

3.440  1 

3. 4&->  ' 

3.429  1 

3. 424 

3.419 

3.  113 

2 

3.392 

3.386 

3.381  1 

3.376  . 

3.370 

3.:MV5  ' 

3.  :i<10 

3 

3.83« 

3. 3.3:1  , 

3.328  • 

3.322  1 

3,317 

3.312  i 

3, 3(H) 

4 

3.285 

3.280  i 

3.274  1 

3.269  1 

3. 21.4 

3.2.-»8  ; 

3. 2:>:i 

.'> 

3.221 

3.226  1 

3.221 

3. 215  j 

3.210 

3.205  ' 

:;.  199 

(i 

3.178 

3.172  1 

3. 167  1 

3. 162  1 

3.  l.V> 

3.151 ; 

3.1-46 

7 

3, 124 

3.119  ' 

3.114  1 

3. 108  ! 

3.103 

3.098 

3. 092 

H 

3.071 

3.066  1 

3.060  1 

3.av>  I 

3.050 

3.044  \ 

3.o:;9 

9 

3.017 

3.012  1 

3.007  , 

3.0(H   ' 

1 

2. 996 

2.991  ; 

1 

2.  a^s) 

0.7      , 

0.8 

0.9 

3.462  1 

3.456 

3.451 

3.  lOS  1 

3.403 

3.397 

3.;t'>l  1 

3.349 

3.344 

3.:wi  ; 

3.296 

3.290 

3. 2  IS  ; 

3.242 

3.237 

:'..  VM  1 

3.189 

3.183 

3.  1  U»  , 

3. 135 

3.i:» 

3.0^7  ' 

3.082 

3.076 

3.0:U  ! 

3.028 

3.023 

2.9S0  1 

2.975 

2.969 

"HyamnlkM,  pp.  133135. 

''Given  in  J.  MiiUiiis's  irrigation  Manunl,  intnxliu'CMl  in  I'niU'd  SUiU' 
r(>fjrii>n  of  upper  Hudnon  River.    Not  given  in  Bellasi.K's  rerent  Pjisi  Ind 

«•  For  En.««t  Indian  engini'ers*  broa<i-<*re8te<i  weir  fonnnla,  u«ingfi.H'tlU' 
vec  p.  114. 


h\  (i.  W.  Rjifter  and  used  in 
i»in  \v<»rk  on  iiydraulies. 
tents  derived  from  the  above. 
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EXPERIMENTS  AND  FORMULA  OF  JAMES  B.  FRANCIS. 

The  experiment  on  discharge  over  thin-edged  weirs,**  upon  which 
the  Francis  formula  is  based,  were  made  in  Octx)ber  and  November, 
1852,  at  the  lower  locks  of  the  Pawtucket  canal,  leading  from  Con- 
cord River  past  the  Lowell  dam  to  slack  water  of  Merrimac  River. 
Additional  experiments  were  made  by  Francis  in  1848  *  at  the  center 
vent  water  wheel  at  the  Boott  Cotton  Mills  in  Lowell,  with  gates 
blocked  open  and  with  constant  head.  A  uniform  but  unknown  vol- 
ume of  water  was  thus  passed  through  the  turbine  and  over  a  weir 
having  various  numbers  of  end  contractions,  the  effect  of  which  was 
thus  determined.  Similar  experiments  were  made  in  1851  at  the  Tre- 
mont  turbine/  where  a  constant  volume  of  water  was  passed  over 
weirs  of  lengths  ranging  from  8.5  to  16.98  feet  and  with  from  two  to 
eight  end  contractions.  These  experiment*^  were  made  to  determine 
the  exponent  n  in  the  weir  formula 

Q^  CLU\ 

Francis  here  found  7/  =  1.47,  but  adopted  the  value  7i=1.5  =  3  2,  in 
the  experiments  of  1852. 

The  Pawtucket  canal  lock  was  not  in  use  at  the  time  of  the  Lowell 
experiments  in  1852  and  the  miter  gates  at  the  upper  lock  chamber 
were  removed  and  the  weir  was  erected  in  the  lower  hollow  quoin  of 
the  gate  chamber.  The  middle  gates  at  the  foot  of  the  upper  cham- 
ber were  replaced  by  a  bulkhead  having  a  sluice  for  drawing  off  the 
water.  A  timber  flume  in  the  lower  chamber  of  the  lock  was  used  as 
a  measuring  basin  to  determine  the  flow  over  the  weir.  Its  length 
was  102  feet  and  its  width  about  11.6  feet.  A  swinging  apron  gate 
was  so  arranged  over  t^e  crest  of  the  weir  that,  when  opened,  the 
water  flowed  freeh^  into  the  measuring  basin  below,  and  when  tilosed, 
with  its  upper  edge  against  the  weir,  the  overflow  passed  into  a 
wooden  diverting  chaimel,  placed  across  the  top  of  the  lock  chamber, 
and  flowed  into  Concord  River.  An  electric  sounder  was  attached 
to  the  gate  framework,  by  which  a  signal  was  given  when  the  edge  of 
the  swinging  gate  was  at  the  center  of  the  nappe,  when  either  opening 
or  closing.  By  this  means  the  time  of  stiirtiiigand  stopping  of  each 
experimental  period  was  observed  on  a  marine  chronometer.  The 
depth  on  the  weir  was  observed  by  hook  gages.  The  readings  were 
taken  in  wooden  stilling  boxes,  11  by  IS  inches  square,  open  at  the 
top,  and  having  a  1-inch  round  hole  through  the  bottom,  which  was 
about  4  inches  below  the  weir  crest.  The  weir  was  in  the  lower  quoin 
of  the  gate  recess,  and  the  hook  gage  boxes  were  in  the  upper  quoin, 
projecting  slightly  beyond  the  main  lock  walls.     In  weirs  with  end 

oFranciB,  J.  B.,  Lowell  Ilydmiilic  Experiments,  pp.  103-135.      /» Mem.  pp.  96-102.      cidem,  pp.  76-(*b 
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(M>ntraction.s  the  full  width  of  the  channel  wits  used.  For  suppressed 
weirs,  a  leading  channel  having  a  width  equal  to  the  length  of  the 
.weir  crest  was  formed  by  constructing  vertical  timber  waHs  withio 
the  main  canal,  extending  20  feet  upstream  from  the  weir  and  having 
their  upper  ends  flaring  about  1  foot  toward  the  canal  walls.  Water 
was  freely  admitted  on  both  sides  of  these  timber  walls.  The  hook 
gage  boxes  were  outside  of  this  channel.  The  holes  in  the  bottom 
were  plugged,  and  flush  piezometer  pipes  wem  used  to  connect  the 
hook-gage  boxes  with  the  inner  fa(*e  of  the  side  walls  of  the  channel 
of  approach.  Observations  of  the  head  b^'  hook  gage  were  taken  at 
intervals  of  about  15  sei*onds.  Each  experimental  period  covered 
from  190  to  900  seconds.  The  hook-gage  readings  were  reduced  to 
weir  crest  level  as  a  datum  and  arranged  in  groups  of  two  or  three, 
which  agreed  closely.  The  mean  head  was  determined  by  the  correc- 
tion formula  (48).  In  one  period,  18  observations  of  heads  ranged 
from  0.0310  to  0.0605  foot;  their  arithmetical  mean  was  0.6428; 
the  computed  correction  was  minus  0.0008. 

The  measured  head  was  corrected  for  velocity  of  approach  by  using 
the  theoretical  formula  given  l>elow.  The  range  and  character  of  the 
experiments,  together  with  the  general  results,  are  shown  in  the  fol- 
lowing table: 


Thin-fdged  iveir  expert nierUs  of  J.  B,  FrancUf  at  the  Imier  hckSy  Ijowdly  Man,^  18Si, 
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From  a  discussion  of  these  experiments  Francis  presents  the  final 
formula — 

If  there  are  end  contractions, 

L^L'-OANH.  \    .     .     (18) 

If  there  is  velocity  of  approach, 

The  mean  velocity  v  was  determined  by  successive  approximations; 
h  was  determined  b}^  the  usual  formula — 

The  Francis  formula  for  velocity  of  approach  correction  is  cumber- 
some, and  several  substitutes  have  been  devised,  some  of  which  are 
described  in  the  following  paragraphs. 

(1)  Determine  the  approximate  velocity  of  approach  i\  by  a  single 
trial  computation  of  Q^  using  D=IL 
Then  use 

to  determine  the  final  value  of  Q.  For  a  given  value  of  v  this  gives 
too  large  a  value  of  ZT,  but  the  approximate  value  of  v^  is  somewhat 
too  small,  partially  counterbalancing  the  error  and  usually  giving  a 
final  value  of  Q  sufficiently  precise. 

(2)  By  developing  into  series  and  omitting  the  powers  A  />  above 
the  first,  h  being  always  relatively  small,  the  following  closely  approxi- 
mate equivalent  of  the  Francis  correction  formula,  given  by  Emerson,^* 
is  obtained: 

n=I)+h-y^     .......     (19) 

(3)  Hunking  and  Hart'^  derive  from  the  Francis  correction  formula 
the  following  equivalent  expression : 

7i7>2  =  //'^  =  (/>+/.)2-//2 (20) 

where  G  is  the  area  of  channel  section  in  which  D  is  measured,  per 
unit  length  of  crest. 

a  Hydrodynamics,  p.  asc.  ft  Jour.  Franklin  Inst ,  Phlla.,  August,  1884,  pp.  121-126.  M 
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For  a  suppres8(^  weir. 


For  a  contracted  weir. 


G^P+D. 


G= 


Hunking  and  Hart  have  computed  values  of  K  by  the  solution  of 
the  above  formula  for  each  0.005  increment  in  Di  O  to  0.36.  Tk 
results  extended  by  formula  (23)  are  given  below. 

Velocity  of  approach  correction^  factor  AT,  Hunking  and  Hmiformula^  H^=KD^. 
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Tho  jrenoral  formula  for  K  is  too  complex  for  common  use. 
expressions 


and 


The 


(23) 


(24) 


are  stated  to  give  results  correct  within  oii(»-hundr(Hlth  and  one-tiftietb 
of  1  per  cent,  respectively,  for  values  of  A' l(»ss  than  (>.3(). 

EXPERIMENTS  AND  FORMULAS  OF  FTELEY  AND  STEARNS. 

The  first  series  of  experiments  by  Ft<?lev  and  Stearns  on  thin-edged 
weir  di.scharj^e"  were  made  in  March  and  April,  1H77,  on  a  suppressed 
weir,  with  crest  5  feet  in  length,  erected  in  Sudhurv  conduit  below 
Farm  Pond,  Metropolitan  waterworks  of  Boston. 

Water  from  Farm  Pond  was  let  into  th<»  leading  channel  through 
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ea(l-<^t(>s  until  the  desired  level  for  the  experiment,  as  found  by 
revii)us  trial,  wjis  reached.  A  swinging  gate  was  then  raised  from 
le  crest  of  the  weir  and  the  water  was  allowed  to  flow  over.  The 
laintenance  of  a  uniform  regimen  was  facilitated  by  the  large  area 
nd  the  consequent  small  variation  of  level  in  Farm  Pond,  so  that  the 
Litflow  from  the  gates  was  sensibly  proportional  to  the  height  the}" 
ere  raised.  The  water  flowed  from  the  weir  into  the  conduit  chan- 
?1  below,  and  was  measured  volumetrically.  For  the  smaller  heads 
le  length  of  the  measuring  basin  was  22  feet,  and  for  the  larger 
ends  367  feet. 

The  crest  depth  was  observed  by  hook  gage  in  a  pail  below  the  weir, 
)nnected  to  the  channel  of  approach  by  a  rubber  tube  entering  the 
»p  of  the  side  wall,  6  feet  upstream  from  the  weir  crest.  Hook-gage 
ladings  of  head  were  taken  every  half  minute  until  uniform  regimen 
a8  established,  and  every  minute  thereafter.  The  depths  in  the  meas- 
ring  Imsin  were  also  taken  by  hook  gage.  The  bottom  of  the  conduit 
as  concave,  and  was  graded  to  a  slope  of  1  foot  per  mile.  It  was 
)vered  with  water  previous  to  each  experiment,  leaving  a  nearly 
octangular  section. 

The  experiments  in  1877  included  31  depths  on  a  suppressed  weir 
f  5  feet  crest  length,  3.17  feet  high.  The  observed  heads  varied 
rom  0.0735  to  0.8198  foot. 

In  1879  a  suppressed  weir,  with  a  crest  length  of  19  feet,  was 
rected  in  Farm  Pond  Gate  House.  Head-gates  and  screens  were 
lose  to  weir;  otherwise  the  apparatus  for  measuring  head  and  starting 
nd  stopping  flow  was  similar  to  that  used  in  previous  experiments, 
'he  crest  of  the  weir  was  an  iron  bar  3i^  inches  wide  and  one-fourth 
ich  thick,  planed  and  filed  and  attached  to  the  upper  weir  timber  with 
L*rews.  No  variation  in  level  of  the  weir  crest  occurred.  As  in  the 
^receding  experiments,  no  by-pass  was  provided,  and  the  entire  over- 
low  entered  Sudbury  conduit  below  the  weir.  The  conduit  was 
>artly  filled  with  water  at  the  start,  leaving  a  nearly  rectangular  sec- 
ion,  11,300  feet  in  length  and  about  1»  feet  wide.  A  difference  of  3 
eet  in  water  level  was  utilized  in  measuring  discharge,  the  total  capac- 
ty  being  300,272  cubic  feet.  Semipartitions  were  provided  to  reduce 
)Scillation  of  the  water.  Many  observations,  covering  a  considerable 
)eriod  of  time,  were  recjuired  to  determine  the  true  water  level.  This 
series  of  experiments  included  10  depths  on  a  suppressed  weir  19  feet, 
ong  and  6.55  feet  high,  with  measured  heads  varying  from  0.4685  to 
L.6038  feet  and  velocities  of  ai)proach  ranging  from  0.151  to  0.840  foot 
)er  second. 

From  measurements  on  weirs  5  and  11*  feet  in  length,  respectively, 
.nd  from  a  recalculation  of  the  experiments  of  James  B.  Francis, 
•'teley  and  Stearns  obtained  the  final  fornuila 
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In  the  above,  if  there  is  velocity  of  approach, 

a  =1.5  for  Hupprestied  weirs. 

a  =2.05  for  weirs  with  end  contractions* 

The  value  of  the  velocity  head  coefficient  a  was  determined  from 
94  additional  experiments  on  the  5-foot  weir  in  1878.  These  involTed 
measured  heads  ranging  from  0.1884  to  0.9448  foot,  heights  of  weir 
ranging  from  0.50  to  3.47  feet,  and  velocities  of  approach  reaching! 
maximum  of  2.35  feet  per  second.  Also  17  experiments  were  nuuk 
on  weirs  3,  3.3,  and  4  feet  long  respectively;  the  first  with  two  and. 
the  last  two  with  one  end  contraction.  These  experimeDts  included 
measured  heads  varying  from  0.5574  to  0.8703  foot,  and  velocities  of 
approach  from  0.23  to  1.239  feet  per  second. 

In  all  experiments  on  velocity  of  approach,  the  head  was  measured 
6  feet  upstream  from  crest.    The  width  of  channel  was  6  feet' 

Fteley  and  Steams  found  the  following  values  of  ot  for  suppressed 
weirs: 

Fide^  and  Steartui's  value  of  a  for  mppressed  toein. 


Meamired 

depth  on 

weir, 

In  feet 

Depth  of  channel  of  appxoach  below  weir 

0.50 

1.00 

1.70 

2.60* 
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1.51 

.8 

1.53 
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1.65 

1.50 
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1.6;^ 

1.49 
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1.53 

1.75 

1.62 

1.48 

.6 

1.52 

1.71 

1.60 

1.47 

.  7 

1.51 

1.68 

1.59 

1.46 

.8 

a.  50 

'•  1.  (55 

1.57 

1.45 
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1.49 

1.63 

1.56 

^1.44 

1.0 

1.48 

1.61 

1.54 
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1.57 
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1.41 
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1.49 

1.40 
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1.54 
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1.4H 
1.46 

1.39 
1.38 

1.6 

1.51 

1.44 

1.37 

1.7 

1.49 

1.43 

1.36 

1.8 

1.41 
1.40 
1.38 

1.35 
1.34 

i.:i:^ 

1.9 

' 

2.0 

' 

a  Ftclcy  and  Steams,  idem  pp.  ,V23, 
<>  Applicable  to  greater  height**  of  weir. 
o  Limit  of  experiments. 
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Current-metor  measurements  showed  a  nearly  uniform  distribution 
velocities  in  the  channel  of  approach  above  the  19-foot  weir,  a  fact 
be  taken  account  of  when  the  formulas  are  applied  to  cases  where 

te  velocity  of  approach  varies  in  different  portions  of  the  leading 

lannel. 

If  there  are  end  contractions,  the  net  length  of  weir  should  be  deter- 

ined  by  the  Francis  formula, 

The  head  should  be  measured  at  the  surface  of  the  channel  of 
)proach,  6  feet  upstream  from  the  weir  crest. 

BAZIN'S  EXPERIMENTS. 

Bazin's  experiments  on  thin-edged  weirs  were  performed  in  the  side 
tannel  of  the  Canal  de  Bourgogne,  near  Dijon,  Fmnce,  and  were 
'gun  in  1886.  Their  results  were  published  in  Annales  des  Fonts  et 
[lauss^es  and  have  been  translated  by  Marichal  and  Tmutwine.^ 
The  standard  weir  consisted  of  horizontal  timbers  4  inches  square, 
ith  an  iron  crest  plate  0.27t>  inch  in  thickness.  Air  chambers  were 
aced  at  the  ends  of  the  weir  on  the  downstream  side,  to  insure  full 
ration  of  the  nappe.  End  contractions  were  suppressed.  The 
'ight  of  ther  first  weir  was  3.27  feet  above  channel  bottom,  and  the 
ad  was  measured  in  "'Bazin  pits,"  one  at  each  side  of  the  channel 
l.4(>  feet  upstream  from  the  weir  crest.  The  pit  consisted  of  a  lat- 
al  chamber  in  the  cement  masonry  forming  the  walls  of  the  canal, 
le  chamber  was  square,  l.G-l  feet  on  each  side,  and  communicated 
ith  the  channel  of  approach  by  a  circular  opening  4  inches  in  diameter, 
aced  at  the  bottom  of  the  side  wall  and  having  its  mouth  exactly 
ish  with  the  face  of  the  wall.  The  oscillations  of  the  water  surface 
the  lateral  chamber  were  thus  rendered  much  less  prominent  than 
the  channel  of  approach.  The  water  level  in  the  Bazin  pit  was 
)served  by  dial  indicators  attached  to  floats,  the  index  magnifying 
e  variations  in  water  lev(4  four  times,  the  datum  for  the  indicators 
Lving  been  previously  d(»termined  by  means  of  hook  gages  placed 
>ove  the  crest  of  the  weir  and  by  needle-pointed  slide  gages  in  the 
ading  channel. 

A  drop  gate  was  constructed  on  the  crest  of  the  weir  to  shut  oflT  the 
scharge  at  will.  In  each  experiment  the  head-gates  through  which 
le  water  entered  the  leading  channel  were  first  raised  and  the  water 
as  allow^ed  to  assume  the  desired  l(»vel.  The  weir  gate  was  then 
lised,  and  the  head-gates  wcmc  manipulated  to  maintain  a  nearly  con- 

I  Bazin,  H.,  Recent  experiments  on  flow  of  water  over  weirf>,  translated  from  the  French  by  Mari- 
al  and  Trautwine:  Proe.  Engineers'  Club  Philu.,  vol.  7,  Jan.,  1890,  pp.  259-310;  vol.  9,  pp.  231-244^ 
7-319;  vol.  10,  pp.  121-164. 
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stant  inflow.  Tha  arithmetical  mean  of  the  observations  during  each 
period  of  uniform  regimen  was  used  as  the  measured  head  for  that 
experiment. 

The  overflow  passed  into  a  measuring  channel,  656.17  feet  in  length, 
whose  walls  were  made  of  smooth  Portland  cement  concrete.  The 
channel  was  6.56  feet  wide,  its  side  walls  were  3.937  feet  high,  and  its 
lower  end  was  closed  by  water-tight  masonry.  Its  bottom  was  graded 
to  a  slope  of  about  1: 1,0CH).  The  volume  of  inflow  was  determined  by 
first  covering  the  channel  l)ottom  with  water,  then  noting  the  change 
of  level  during  each  experimental  period,  the  capacity  of  the  channel 
at  various  heights  having  previously  been  carefully  determined.  A 
slight  filtration  occurred,  necessitating  a  correction  of  about  one-eighth 
of  1  per  cent  of  the  total  volume.  The  observations  for  eai*.h  regimen 
were  continued  through  a  period  of  12  to  30  minutes. 

Sixty -seven  experiments  were  made  on  a  weir  3.72  feet  high,  includ 
ing  heads  from  the  least  up  to  1.017  feet.  Above  this  point  tiie 
volumetric  measuring  channel  filled  so  quickly  as  to  require  the  use  of 
a  shorter  weir.  Thirty -eight  experiments  were  made  with  a  standard 
weir,  3.28  feet  long  and  3.72  feet  high,  with  heads  varying  from  the 
least  up  to  1.34  feet.  For  heads  exceeding  1.34  feet  it  was  necessary 
to  reduce  the  height  of  the  weir  in  order  that  the  depth  above  the  weir 
should  not  exceed  that  of  the  channel  of  approach.  Forty-eight 
experiments  were  made  on  a  weir  1.64  feet  long  and  3.297  feet  high, 
with  heads  ranging  from  the  least  up  to  1.780  feet.  These  experiments 
sufficed  to  calibrate  the  standard  weir  with  a  degree  of  accuracy  stated 
by  Bazin  as  less  than  1  per  cent  of  error. 

In  order  to  determine  the  effect  of  varying  v^elocities  of  approach 
the  following  additional  series  of  experiments  were  made  on  sup- 
pressed weirs  2  meters  (6. 50  feet)  in  length. 

Ej'perimmts  on  supprt'insed  urirs  J  meters  In  length, 

of   Ji^ri-    ' !  cxperiDUMi- I 

m?i?b!      '  jtaf  weir,  ill  I 

I l__l 

284-30  I  0.489  1.443  ,  2. 4(5 

29-^29  I  .314  '       1.407  I  l.r>4 

27-41  I  .2iW  1.338  I  1.15 

44  '  .m\  1.3;;8  '  0.79 


The  standaixl  weir  was  8.72  tVot  high,  aiul  the  experimental  weirs 
were  placed  40  to  199  meters  downstream.  The  discharge  was  not 
measured  vohimetrically.  A  uniform  regimen  of  flow  was  established 
and  the  depths  on  the  two  weirs  were  simultaneously  observed  daring 
each  period  of  flow. 


BAZIN^S    FOBMULAS.  31 

These  experiments  aflforded  data  for  the  determination  of  the  rela- 
tive effect  of  different  velocities  of  approach,  corresponding  to  the 
different  depths  of  the  leading  channel. 

From  these  experiments  Bazin  deduces  coefficients  for  a  thin-edged 
weir  3.72  feet  high,  for  heads  up  to  1.97  feet,  stated  to  give  the  true 
discharge  within  1  per  cent.^ 

BAZIN'S    FORMULAS    FOR   THIN-EDGED   WEIRS. 

Starting  with  the  theoretical  formula  for  a  weir  without  velocity  of 
approach,  in  the  form 

and  substituting 

for  II,  in  the  case  of  a  weir,  having  velocity  of  approach,  there  results, 

Bazin  obtained,  by  mathematical  transformation,  the  equivalent* 

or 

Bazin  writes 

"'-<^+«2-^y (^«) 

for  which  equation  he  obtains,  by  mathematical  transformation,  the 
approximate  equivalent*' 

-=<i4^i^) (^^> 

The  calculation  of  the  factor  v  appearing  in  this  formulii  requires 
the  discharge  ^  to  be  known. 

Assuming  that  the  channel  of  approach  has  a  constant  depth  P  below 
the  crest  of  the  weir,  and  that  its  width  is  equa'  to  the  length  of  the 

'i Bazin,  H.,  Experiences  nouvelles  sur  recoulement  t.*n  deversoir:  Ann.  Ponts  et  Chan.ss<?(^.  Mrm.  et 
Doc.,  1896, 2«  trimestre.  See  translation  by  Mari<'hal  and  Tnuitwine  in  Proc.  Ya\^.  (Mub  Pliila.,  vol.  7, 
pp.  '259-310;  vol.  9,  pp.  231-244. 

^Thestepflin  the  derivation  of  this  formula  are  given  by  Trantwino  and  Marichal  in  thoir  trans- 
lation of  Bazin's  report  of  his  experiments,  in  Prw.  Eng.  Club  Phila.,  vol.  7,  p.  280. 

« The  steps  in  detail  are  given  by  Tmutwine  and  Marichal  in  their  translation  of  Bazin,  in  Pnx'. 
Eng.  Club  Phila.,  vol.  7,  No.  5,  p.  281. 
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weir,  V  may  be  expressed  in  terms  of  these  factors,  and  of  the  dischaip 


Using  this  value  of  v^  Bazin  obtains  the  expression 

'«=^[i+-Gtp)'] •  •  W 

Q 

where  09^  q  ^  ni*.     c»  is  a  nearly  constant  factor,  varying  only  witkl 

m*.    The  value  of  g9  as  well  as  that  of  a  can  be  determined  by  com- 
parative experiments  on  thin-edged  weirs  of  different  heights.* 

From  a  discussion  of  his  own  experiments  and  those  of  Fteley  ui 
Steams,  Bazin  finally  obtained  the  formulas 


m 


Q=MZIf>l2ffII^  no  velocity  of  approach; '  1 
Q=mLIhl2gD^  with  velocity  of  approach.  J 

^^_  .0.003X8.281    ,,  ,^.  .  0.00984^  f^^ 

/*=0.405H -^ =0.405H -^—      .     .     .    (3U) 

For  a  weir  with  velocity  of  approach  a=^  and  (»=0.86.  Substitolr 
ing  in  equations  (27)  and  (28), 

.=  ><  [1+0.65  (^^.l"^)'] (84) 

These  formulas  give  values  of  in  agreeing  with  the  results  of  the 
experimeuts  within  1  per  cent  for  weirs  exceeding  about  1  foot  in 
height  within  the  experimental  mnge  of  head. 

Approximately,  for  heads  from  4  inches  to  1  foot, 


771- 


m- 


7/i=0.425+U 


-G-l^)' <'« 


correct  within  2  to  8  per  cent. 

The  following  table  gives  Bazin's  experimental  coefficients,  the  heB^ 
and  height  of  weir  (originally  meters)  having  been  reduced  to  feet: 

a  For  detailed  anal.VHis  see  Tmutwlne  and  Marirhal.  I'rcx*.  Enjr-  <'l"^)  Phila..  vol.  7.  pp.  282-2i^        , 
b  Experimental  tabular  vuliieM  of  ^  differing  very  ulightly  from  the  formula  within  the  range  ^ 
Basin's  experiments  are  also  given. 


VahiM  of  the  ocMttdent  m. 
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^cUtUB  of  Oie  Bcunn  coefficient  C  in  the  formula  Q^CLH'^  fw  a  thin-edged  tveir,  withoiU 

end  contraction. 


L .  .1      Height  of  eit'Ht  of  weir  above  be<l  of  channel  of  approach,  in  feet 

Measured 

'  ***^^'*  ^-      0.66       0.98       1.31        1.64        1.97       2.62       8.28    I    4.92       6.66 


Feet. 


0.1&4 
.197 
.230 
.262 
.295 

.328 
.394 
.459 
.525 
.591 

.656 
.722 
.7^7 
.85:j 
.919 

.9M 
1.050 
1.116 
1.181 
1.247 


C 


3.673 
3.667 
3.&I9 
I  3.657 
3.665 

3.6X1 

3.705 

'  3.737 

I  3.777 

I  3.M10 

3.860 
8.H82 

'  3.914 
3.946 

I  3.978 

I  4.010 


c 

C 

3.617 

3.609 

3.585 

3.569 

3.669 

3.553 

3.553 

3.537 

3.633 
8.609 
8.593 
3.585 
3.585     3.545  j  3.529 


3.585 
3.593 
3.609 
3.633 
3.657 


3.545  3.521 
3.545  I  3.513 
3.553  3.513 
3.5«n  '  3.513 
3.569  ;  3.521 


l_     .L.    . 

3.681  I  8.585  |  3.529 
3.705  I  3.601  I  3.545 
3.729  !  S.625  3.561 
3.75:J  3.649  3.577 
3. 7H5     3. 665     3. 593 


3.810 
3.834 
3.858 
3.874 
8.898 


3.()89 
3. 705 
IJ.  721 
3.745 
3.761 


I 


3.609 
3.626 
3.frU 
3. 657 
3.673 


1.312 
1.378 
1.444 
1.509 
1.575 


3.922 
8.938 
3.962 
3.978 


3.785 

3.681  , 

3.801  1  3.697 

3.818 

3.713 

3.834 

3.729 

3.850 

3.745 

1.640     j  3,866 

1,TT2 
1.RB7 
1.90» 

Metem, 


S.M74 

xma 

-     .     S  3,906 

, 3.922 

1  3.S90 

1  (>.» 

0.30    1    0.40 

3.753 
8.769 
3.7Si 
8.793 
3.810 
3.Hlft 

0.W 


.  c 

3.601 
.3.669 
3.515 
3.529 
3.513 

3.505 
3.497 
3.489 
3.489 
3.489 

3.497 
3.505 
3.513 
3. 529 
3.537 

3. 553 
3.561 
3. 577 
3.593 
3.601 

3.617 
3.625 
3.641 
3.657 
3.665 

3.681 
3.AA0 
3.6ff7 
3.713 
3.?il 
3.737 


3.601 
3.661 
3.537 
3.513 
3.497 

3.489 
3.473 
3.465 
3.457 
3.457 

3.457 
3.457 
3.465 
3.465 
3.473 

3. 481 
3.497 
3.505 
3.  .513 
8.521 

3.529 
3.537 
3.545 
3.553 
3.561 

3.669 
3,577 

3.563 
3.1)01 
3.fil7 


3.513 

3.505 

3.497 

3.489 

8.481 

3.473 

3.465 

3.449 

3.449 

3.482 

3.440 

3.424 

3.432 

3.416 

eM       0.80 


8.601  !  8.593  3.503 
3.55:{  I  3.563  8.663 
3.529  '  8.529  3.521 
3.506 
3.481 

3.473 
3.449 
.3.432 
3.416 
3.408 

3.892 
3.392 
3.384 
3.384 
3.384 

3.376 
3. 376 
3.376 
3.376 
3.376 

3.376 
3.376 
3.376 
3. 376 
3.376 

3.  .•?76 
3. 37(> 
'^.  376 
3.  :i76 
3. 37»i 
3. 376 


3.432 
3.432 
3. 432 
3.140 
3.440 

3.449 
3.449 
3.457 
3.465 

3. 4<y> 

3.478 
3.481 
3.489 
3.489 
3.497 

8.5a5 
:i.  r)13 
3.513 
3.A21 
3-529 
3,  5;i7 

LIK) 


3.408 
3.400 
3.400 
3.400 
3.400 

3.400 
3.400 
3.400 
3.400 
8.400 

3.400 
3.408 
3.408 
3.408 
3.408 

3.416 
3. 416 
3. 416 
3. 424 
3. 424 
3. 424 


1.50   2.00 


Bet 

00 

MeaHiired 
head  1). 

C 

Meters. 

3.594 

0.06 

3.560 

.06 

8.622 

,07 

8.499 

.08 

3.481 

.09 

3.466 

.10 

3.441 

.12 

8.422 

.14 

3.405 

.16 

3.392 

.18 

3.380 

.20 

3.371 

.'22 

3.3W 

.24 

3.358 

.26 

3.353 

.28 

3.348 

.:« 

3.343 

.32 

3.338 

.34 

3.:»3 

.36 

8.328 

.88 

3.323 

.40 

3.319 

.42 

3.316 

.44 

3.311 

.46 

3.306 

.48 

3.30:^ 

.fK) 

3.298 

.52 

3.29-1 

.54 

3.289 

.56 

3.285 

.•>s 

3.282 

.m 

QC 

This  table,  unfortiinutely,  is  inconvenient  for  inteq)<)lati()n  in  English 
units.  Thf)  values  hIso  differ  .slightly  from  those  coniputed  from  the 
formulas.  The  table  illustrates  the  ditti(Milty  of  practical  applictition 
of  a  weir  formula  in  which  the  coefficient  varies  rapidly  both  with 
head  and  height  of  weir. 


r 
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A  tabic  has  been  added  giving  values  of  /i  computed  by  formuk 
(30)  for  a  thin-edged  weir  without  velocity  of  approac*h. 

Values  of  n  hi  ttie  Bazin  formtilu  for  weirs  of  mfinite  heiglUy  nith  no  velocilij  of  ajtprond. 


H. 

Fret. 

0. 

0.01. 
1.3H9 

0.02. 
0.8970 

0.03. 
0.7331 

0.04. 

0.6018 

0.06. 

0.07. 

0.08. 
0. 5280 

0.09. 

0.1. 

0.0 

0.  (ialO 

0.5693 

0.5467 

0. 5142 

0.50M 

.1 

0.503^1 

.4944 

.4870 

.4807 

.4753 

.4706 

.4665 

.4628 

.4596 

.4568 

.4^ 

,2 

.IW2 

.4518 

.4497 

.4478 

.44(H) 

.4444 

.  4429 

.4414 

.4401 

.4389 

.437S 

.3 

.4378 

.4367 

.4357 

.4348 

.4339 

.4331 

.  4324 

.4316 

.4:iU9 

.4:«2 

.4296 

.4 

.4296 

.4290 

.4284 

.4278 

.4273 

.4268 

.4264 

.4-260 

.  4-255 

.  4-251 

.4-247 

.5 

.4247 

.4243 

.4239 

.4-236 

.4232 

.4229 

.422:> 

.42-22 

.4-219 

.4-216 

.4214 

.6 

.4214 

.4211 

.4208 

.4206 

.4204 

.4202 

.4200 

.4197 

.1195 

.4198 

.4191 

.7 

.4191 

.4189 

.4187 

.4185 

.4183 

.4181 

.4180 

.4178 

.4176 

.4174 

.  417S 

.8 

.4173 

.4171 

.4170 

.4168 

.4167 

.4iri6 

.  41  (V4 

.4163 

.4162 

.4160 

.4159 

.9 

.41W 

.4158 

.4167 

.4156 

.41M 

.4153 

.  4152 

.  4151 

.4150 

.4149 

.4148 

1.0 

.4148 

.4147 

.4146 

.4146 

.4145 

.4144 

.4143 

.4142 

.4141 

.4140 

.4199 

1.1 

.4139 

.4139 

.4138 

.4137 

.4136 

.4136 

.4i:j5 

.4134 

.4133 

.4133 

.4132 

1.2 

.4i:« 

.4131 

.4131 

.4130 

.4129 

.  4129 

.4128 

.  4127 

.41-27 

.41-26 

.41-26 

1.3 

.4126 

,4126 

.4124 

.  4124 

.4123  1 

.4123 

.4122 

.4122 

.  4121 

.41-21 

.4131) 

1.4 

.41*20 

.4120 

..4119 

.4119 

.4118 

.4118 

.4117 

.4117 

.4116 

.4116 

.4116 

1.5 

.4116 

.4115 

.4115 

.4114 

.4114 

.4113 

.4113 

.4113 

.4112 

.4112 

.4112 

1.6 

.4112 

.4111 

.4111 

.4110 

.4110 

.4110 

.4109 

.4109 

.4108 

.4108 

.410R 

1.7 

.4108 

.4108 

.4107 

.4107 

.4107 

.4106 

.  4106 

.4106 

.4105 

.4106 

.411^ 

1.8 

.4105 

.41(M 

.4104 

.41W 

.4103 

.4103 

.4103 

.  410:^ 

.4102 

.4102 

.  4102 

1.9 

.4102 

.4102 

.4101 

.4101 

.4101 

.4100 

.4100 

.4100 

.4100 

.4099 

.4099 

2.0 

.4099 
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DERIVED    FORMULAS    FOR    THIN-EDGED    RECTANGULAR    WEIRS. 

A  number  of  weir  formulas  have  been  derived  from  subsequent 
analysis  or  recomputation  of  the  experiments  of  Fmncis,  Fteley  and 
Stearns,  and  Bazin,  differing  more  or  less  from  those  given  by  tho 
experimenters. 

ITELEY    AND    STEARNS-FRANCIS    FORMUlJV.^ 

Correction  for  (Mid  contractions  is  to  be  made  by  the  Fnim'is 
formula;  velocity  of  approach  correction  hy  the  Fteley  and  Stearns 
formulas 

lI—J)-\-l,f>h^         for  suppressed  weir. 
If—  I)-\-2. 05 h ,         f o r  io n t ra ct ed  w e i r . 

HAMILTON    smith's    FORMULA.'' 


The  base  formula  adopted  is 


Q=~  MLirh(jII 


(35) 


"Ftc'U'V  aiMl  Sti-anis,  Experiments  on  the  flow  of  water,  etc.:  Tran.>i.  Am.  ►Sck:.  C.  F.,  vol.  12,  p.  Si- 
^Smitb,  Uamiltou,  Uydraulics,  pp.  i2i^l32. 
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be  velocity  of  approach  correction  is  made  by  the  use  of   the 

[lulas 

JI=/)+lAh,        for  contracted  weirs.** 
If=IJ+lih^         for  suppressed  weirs. 

diagram  and  tables  of  values  of  the  coefficient  J/" are  given  by  the 
lor.  The  correction  for  partial  or  complete  contraction  is  included 
le  coefficient,  separate  values  of  Jf  being  given  for  suppressed  and 
Tacted  weirs. 

[aking  (7=^  J/V^^i  the  Smith  formula  (35)  may  be  written 


8 


Q=  CLH^, 


3h  is  directly  comparable  with  the  Francis  formula. 

aiith's  coefficients  in  the  above  form  are  given  in  the  following 


PS. 


iWm  Smiih^H  coefficienti^  for  wdrn  with  contraction  fnippressed  at  Mh  eiids^  for  tute  in 
thefarmulit  Q=CLin. 


Head, 
in  feet. 

19 

"     15 

J 
10 

7=leng1 

7 

h  of  weJ 
5 

r,  In  fee 
4 

L 

Zn 

2« 

0.66  b 

0.1 
.15 

3.515 
3.440 

3.515 
3. 445 

3.520 
3.445 

3.520 
3.4r>l 

3.526 
3.4.51 

.    . 

3.611 
3.542 

3.461 

3.4?2 

3.488 

.'2 

3.397 

3.403 

3.408 

3.408 

3.413 

3.429 

3.435 

3.4.50 

3.510 

.25 

3.371 

3.376 

3.381 

3.386 

3.392 

3.403 

3.413 

3.429 

3.4W 

.3 

3.349 

8.354 

3.360 

3.365 

3.376 

3.386 

3.403 

3.418 

3.483 

.4 

3.322 

3.328 

3.333 

3.344 

8.360 

3.371 

3.386 

3.403 

3.478 

.5 

3.312 

3.317 

3.322 

3.338 

8.354 

3.371 

3.386 

3.408 

3.478 

.6 

3.306 

3.312 

3.317 

3.383 

3.3.'>4 

3.371 

3.392 

3.413 

3.483 

.7 

3.306 

3.312 

3.317 

3.338 

3.360 

3.376 

3.397 

3.424 

3.494 

.8 

3.306 

3.317 

3.3*22 

3.:«4 

3.365 

3.386 

3.408 

3.441 

3. 510 

.9 

3.312 

3.  .317 
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3.445 
3. 456 
3. 4C.1 

3.445 
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3.  .333 
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3.:wi 
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2.0 

1 1 

he  iwe  of  the  head  oorroMimndlng  to  rentrnl  surface  vcWx'ity  without  corrt'ftion,  to  determine  /), 

•orecommendeil. 

Approximate. 


i 


56         W>:TR    KXFKEIMKrCTrt,    rOKFFrOlKN'm,    and    FORMrXAB* 
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Hamilton  Smithes  coefficient  Cfiyr  long  iveirs. 
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3.3304 
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3.2796 
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3.4314 

3.3537 

3.3277 
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3. 2892 

3. 2785 
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3.4229 

3.3612 

3.3250 

3. 3a'V8 

3. 2972 

3. 2HM1 

3.2773 

.08 

3. 4143 

3.3488 

3.3224 

3.  :i042 
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3.2762 
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• 

Hamilton  Smith's  formula  is  biused  on  a  critical  discussion  of  tl 
experiments  of  Lesbros,  Poncelet  and  ljcsl)ros,  James  B.  Franci 
Fteley  and  Stearns,  and  Hamilton  Smith;  including  series  with  af 
without  contractions  and  liaving  crest  lengths  from  i).iS^  to  19  feet. 
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SMTTH-FRANCIH   FOBMUIiA. 

The  Smith-Francis  formula,"  !)ased  on  Francis's  experiments,  reduced 
the  basis  of  correction  for  contractions  and  velocity  of  approach 
ed  with  Hamilton  Smith's  formula,  is, 
r  a  suppressed  weir, 

Q=Z.^(l^^^H^ (86) 

r  weir  of  great  length  or  with  one  contraction, 

(?=3.29Z7/* (37) 

r  weir  with  full  contraction, 

(;>=3.29  (^Z-g)^* (88) 

[f  there  is  velocity  of  approach, 

If=/J+iA  A,        for  a  contracted  weir. 
If=  Z>+ 1 }  A,        for  a  suppressed  weir. 

pabmley's  fobmula.* 
Parmley's  formula  is 

Q^CKLD^ .     (39) 

Lf  there  are  end  contractions,  the  correction  is  to  be  made  by  the 
ancis  formula, 

L^L-^ANH 

The  factor  A' represents  the  correction  for  velocity  of  approach. 
The  factor  has  been  derived  by  comparing  the  velocity  correction 
Jtor  in  the  Bazin  formula  (formula  32),  written  in  the  form 


/r=[i+o.55(0]. 


ith  the  approximate  Francis  correction  as  deduced  b^'  Hunking  and 
art  (formula  23),  written  in  the  form 


A--[,+„..48„(«)'], 


here  a  is  the  area  of  the  section  of  discharge,  for  either  a  suppressed 
^  contracted  weir,  and  A  is  tho,  section  of  the  leading  channel.  It  is 
^served  that  there  is  an  approximately  constant  relation  between  the 
''^o  corrections,  that  of  Bazin  being  2.2  times  that  of  Francis. 

"Smith,  RAxnilton.  Hydraulics,  pp.  w  and  137. 

*Ra(ter,  O.  W..  On  the  flow  ol  water  r>v«T  damn:  Traiw.  Am.  Sioo.  C.  V..,  \o\.  \\»  VP-  "JMy-^S*^,  ^^WKv>»r 

on  by  19 Biter  C.  Parmley. 
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Parmley  adopts  the  Bazin  correction  and  gives  the  following  tab! 
which  may  also  conveniently  )3e  applied  in  computing  dischai^  I 
Bazin's  formula. 

The  discharge  coefficient  Caused  by  Parmley  is  that  for  a  weir  wit 
no  velocity  of  approach,  as  in  the  Francis  formula.  It  is  not,  bon 
ever,  constant.  Its  values  have  lieen  deduced  from  a  mean  cun'e  ref 
resenting  the  experiments  of  Francis,  Fteley  and  Stearns,  and  Bacio. 

Velocity  of  approach  correction.  A',  Parmley  ami  Bann  formuku. 
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1.0066 
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1.0079 

1.0266 
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1.0926 

1.1481 

1.0970 
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1.1017 

1.1646 

1.1065 

1.1604 

1.1114 

1.1664 

1.1164 

1.1726 
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1.1860 

1. 1821 

1.1916 

Parmley* s  vieir  formula,  coeffijcieui  C. 


feet. 

0.00    ' 

0.0 

.1 

3.580 

.2 

3.478 

.8 

3.420 

.4 

3.380  , 

.5 

3.368 

.0 

s.a'w  , 

.7 

3.351  , 

0.01 


0.02 


0.03 


0.04 


O.tfi 


0.06     I    0.07     I    ^.08 


0.09 


1.0 

1.1 

1.3 
1.  t 

i.r> 
i.f) 

i.h 

1.9 
•2.0 


3.:«6  I 

3. 340  I 

3.:«9  '' 

3.324  '■ 
3..'il9  : 
3.313  , 

3.:i07  ; 

3.801 
3.2'.M'.  i 
3. -290  ; 
3.285  ' 
3.280 


3.568 
3.471 
3.416 
3.  :JXi 
3.367 
3. 357 
3.  :v>i 
3.  :«:> 

3. 339 
3.  ;{34 
3. 328 
3. 324 
3.318 
3.312 
3.306 
3.301 
3. 295 
3  290 
3. 285 


3. 550 
3.464 
3.412 
3.  -^l 
3.366 
3.3.56 
,3.350  I 
3.:«5  I 
3.339  ■ 
3. 3:« 
3.  :i2x 
3.32:i 
3.818  ' 
8.312 
3.30G 
3  300 
3.295  I 
3.289  I 
3. 284 


3.M4  I 
3.45JS  , 
3.408  [ 
3.380 
3.304  I 
3.  m\ 
3.350 
3.:V44 
3.33S 
3.3;i2 
3.:t2M  ' 
3.:r22  ' 
3.317 
3.311 
3.  :kv5 
3.  :«)u 

3.2W 
3.2H8 
3. 2HI 


3.532  1 

3.4.51  I 
3.  404 

3.:n.s  1 

3.:ji«  I 

3.:trws  I 

3.349  \ 
3.3U  ! 
3.  3:i^ 
3.:i32 
3.  327 
3.  322 
3.317 
3.  31 1 

3.  \m 

3. 291» 
3. 2*M 
3.2?OS 
3.2KJ 


3. 520 
3.441 
3.400 
3. 37G 
3. 3<;2 
3.ii54 
3.319 
3. 343 

3.  :;;^7 
3.  :v.vi 
■A.  :;2«; 
:{.  :522 
3.3n; 
:{.:;io 
:\.M\ 

3.  29^ 

:;.  'j^Xi 

3.  'IXS 


3.  .^>12 
3. 439 
3. 397 
3. 374 
3.  'M\\ 
3.  ;i5;^ 
3.  :i4S 
3  342 
3  '.VM\ 
3.331 
3.  32r> 
:?.:vjl 
:i.:;i:» 
:;.  :u»y 
:t.  :u»3 
:•.  2«»x 

3  2*»2 


3.503  ' 
3.434 
3.3W 
3. 373 
3.:^60  I 
3.35;i  1 
3.348  ' 

x'M'2 ; 

3.  •^Mt 
3. 3:i(» 

3.:«.;1 

3  321) 
3.315 
3.309  ] 
3.  'M\ 

:>.  "j*.»2 
3  js*; 

3.  2.'*2 


3.495 
3. 430 


3.391  I 
3.871  I 
8.360  i 
3.352  j 
3.347  j 
8.341 
3.885 
3.880 
3. 325  i 
3.320 
3.314  I 
3.308  1 
3.:«)2  '■ 
3.297  ' 
3.291 
.3.286  ; 
3.281 


3.486 
3.425 
3.388 
8.370 
3. 8*19 
3.352 
3.347 
3.341 
3.3:15 
3.329 
3. 324 
3.:«0 
3.814 
3.308 
3.302 
3. -296 
3. 291 
3.285 
3.2S0 


THIN-EDGED    WEIRS. 
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EXTENSION  OF  THE  WEIR  FORMULA  TO  HIGHER  HEADS. 


It  will  be  noticed  that  all  the  accepted  formulas  for  discharge  over 
hin -edged  rectangular  weirs  are  based  on  experiments  in  which  the 
lead  did  not  exceed  2  feet  above  crest.  It  is  often  desirable  to  utilize 
the  weir  for  stieam  gagings  where  the  head  is  greater,  especially  for 
the  determination  of  maximum  discharge  of  streams,  the  head  fre- 
quently being  as  large  as  6,  8,  or  even  10  or  12  feet. 

In  the  experiments  at  Cornell  University  on  weirs  of  irregular  sec- 
tion it  was  often  necessary  to  utilize  depths  on  the  standard  weir 
exceeding  the  known  limit  of  the  formula.  A  series  of  experiments 
ras  accordingly'  carried  out  in  which  a  depth  on  a  standard  thin-edged 
^eir  (16  feet  long)  not  exceeding  the  limit  of  the  formula  was  utilized 
>  determine  the  discharge  over  a  similar  Init  shorter  standard  thin- 
iged  weir  (6.56  feet  long)  for  depths  up  to  approximately  5  feet." 
he  results  of  these  experim(»nts,  as  recomputed,  eliminating  slight 
rrors  in  the  original,  are  given  IxOow. 

It  will  be  noted  that  the  weir  was  short  and  the  velocity  of  approach 
?*latively  large,  yet,  aicording  to  the  results  when  (corrected  b}'  the 
rancis  method,  the  average  value  of  (^  for  heads  from  0.75  to  4.S5 
?et  is  3.296,  or  98.S8  percent  of  the  Francis  coefficient  for  a  thin- 
dged  weir.  The  avemge  value  of  6'' for  heads  from  0.746  foot  to  2 
f^et  is  3.266,  and  for  heads  from  2  to  4.85  feet,  8.278. 

'nited  Statfft  Deq)  Wnterv^y^  e.rperimentH  at  Cornell  hydnndic  UdMrntory  for  exiei^^ion  of 

thin-edged  weir  forimdii. 
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a  Rafter,  (J.  W..  On  tlit-  How  of  Wrttcr  «tv«'r  dams:  Trans.  .V in.  S<m'.(\  K.,  vol.  44, 
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If  it  is  borne  in  mind  that  the  influences  which  go  to  make  up  vari- 
ation in  the  weir  coefficient  are  more  potent  for  low  than  for  larger 
heads,  it  may  he  confidently  asserted  that  the  Francis  formula  is  appli- 
cable within  2  per  cent  for  heads  as  great  as  5  feet,  and  by  inference  it 
is  probably  applicable  for  much  greater  heads  as  well. 

COMPARISON  OF  WEIR  FORMULAS. 

The  later  weir  formulas  all  give  results  agreeing,  for  the  range  of 
heads  cx)vered,  within  the  limit  of  accuracy  of  ordinary  stream  meas- 
urements. Which  of  the  several  formulas  to  use  will  be  determined 
by  convenience  and  b}'  the  conditions  attending  the  measurements. 

The  Francis  formula  is  applicable  for  weirs  with  perfect  bottom 
contraction  and  for  any  head  above  0.50  foot. 

The  Hamilton  Smith,  Fteley  and  Stearns,  and  Bazin  formulas  are 
more  accurate  for  very  slight  heads,  or  where  bottom  contraction  Is 
imperfect,  this  element,  which  tends  to  increase  discharge,  being 
included  in  the  larger  velocity  of  approach  correction.  These  for- 
mulas are,  however,  based  on  experiments  none  of  which  exceeded  i 
feet  head,  and  they  have  not  been  extended. 

For  suppressed  weirs  in  rectangular  channels  having  conditions 
closely  duplicating  Hazin's  experiments,  his  formula  is  probably  most 
applicable.  The  head  should  preferably  be  measured  in  a  Bazin  pit, 
opening  at  the  bottom  of  the  channel,  \k\A  feet  upstream  from  the 
weii".  In  II  suppressed  weir,  if  the  naj)pe  is  allowed  to  expand  later- 
ally after  leaving  the  weir,  the  computed  discharge  by  any  of  the  for- 
mulas should  be  increased  from  one-fourth  to  one-half  of  1  per  cent. 

f\nnfuiratirt'  tlixrltnrtj*'  hi/  niri<nif< /(fniiulas  over  nrlrx  of  (jrent  hrit/ht  and  length;  no  t'n<l 
nndnu'tlnui<  inn'  rflorittf  tf<iit}n'(mr}t." 
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VJiisl  Indian  engint'«Ts li.  Ism 


t  (\  for 
0.20  t( 

\\vni\s  raiiKin^' 

from 

Per  »'ent  of  disi^harge  bv  Franti'' 
formula  for  heads  rangiiijf  from 
0.20  to  4  foot. 

0..'K) 

l.(HI 
3.  isTJ          3 

1.00 
1.S7J 

0.20 

1 

101. 6ir. 

0.50 
104.(316 

1.00 

4.0U 

1 

W.  ISTJ 

104.  616 

104. 61^' 

:{.:ij.v> 

3. 34.V.          3 

.   3.:;i3«i 

31.".:. 

KKl.  K0:'> 
102.  07.'> 

UX).  365 

100.365 
1     99. 408 

100. 3<'-'' 

;{.  WW 

3. :«           :; 

33 

HKi.(K) 

100.0 

100.0 

lui.o 

w.  wim 

.   3.317             3 

31U'.» 

Hi.').  012 

y*».  SOT 

99.51 

99.3^' 

\\.  io^"i<n» 

,  3.  31>tk;'.*<l      3 

•jfM.s;; 

nr«.2M 

i(r2. 18;^ 

99.801 

1    98.03-'^ 

:i.:j;i<K) 

'  3.31i<             3 

313?:. 

1   1()I.-HK> 

W.  90 

'     99.570 

9y.4i' 

:{.:ioio 

'3.->l            3 

2M 

101. '.»ir. 

^.n».  030 

9X.  520 

3. 2y 

1  3.2y             3 

■_".< 

'.»s.  7u 

'.>H.  70 

98.70 

3.  'M^^ 

1  ?>.'X\-\ 

10J.310 

101.040 

100. 020 

... 

3.  All 

,  3.  \\:^         3 

'J^.'• 

10J.«^10 

UH.  16 

103.  :i5 

98.  IW) 

'iCtimpiiUMl  l>y  H.  li.  H«'.1m',  C.  K. 
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TahJe  showing  comparaiwe  discharge  per  foot  of  crest  for  suppressed  foeirs  of  various 
lengths f  heads,  and  velodJUes  of  approach.^ 


Length  (Z.) 

Height  (P) 

Head  (D) 

Approximate  velocity  of  approfich  (r) . 


C'a^«tel 

Boileau , 

Francis 

Fteley  and  Steams 

Bazin 

Fteley-Steams-Francis  . 

tiainilton  Smith 

Smith-Francis 

Parmley , 


Average. 


2 
1 

1.0 
1.90 


2 
2 

1.0 
1.18 


3.  7822  3. 6127 

3.8630  I  3.5484 

3.5373  I  3.4218 

3.  7268  3.  4729 

3.7845  3!  3766 

3.  7297  j  3.  4752 

3.  9220  3. 6392 

4.  a581  I  3.  7109 
3.  7924  3. 5337 


10 
2 
1.0 

1.16 

3. 6217 
3.5484 
3. 4218 
3. 4730 
3. 3766 
3. 4752 
3. 4872 
3.4847 
3.  5337 


3.  800  ;  3. 532  '  3. 490 


I 


10 

4 
1.0 

.68 


3.5308 
3.4144 
3.3632 
3. 3669 
3,4002 
3.3690 
3. 3878 
3.  3876 
3.  3347 


10 

4 

4 

2.15 

30. 3037 
30.9046 
28.2983 
29.  7470 
29. 7555 
29.7000 

31. 573 


3.  395 


30.040 


"Computed  by  H.  R.  Beebe.  C.  E. 


COMPARISON   OF  VARIOUS  VELOCITY   OF  APPROACH   CORRECTIONS. 

The  various  modes  of  correction  for  velocity  of  approach  used  by 
different  investigators  can  be  rendered  nearly  identical  in  form,  vary- 
ing, however,  in  the  value  of  the  coeflBcient  a  adopted. 

Omiparath^  coefficients  of  correction  for  velocity  of  approach  for  thin-edged  v^eirs  with  end 

cfmtractions  supprensed. 


Exi>eriment«'r. 

1   Vahu»  of  a  in  the  for- 

■ 

Vttluefi  of  to»  in 
the  f(»nanla 

Boileau 

it  =  \.H 

U-sbros 

Ftelev  and  Steams 

(r=\.m 

(i'  =  1.5 

Francis 

Jkzin 

1    -'"it 

5 
a  =  l.()9  or  .. 

''w  =0.2489 
&7— 0  55 

'»Knu'rs<m, 

''HiinkinK  and  Hart. 

The  above  values  were  all  derived  from  experiments  on  thin-edged 
^^ii's.  Bazin's  experiment*^  coven^d  the  larger  range  of  velocities  and 
were  most  elabonite.  It  may  be  noted  that  the  correction  applied  by 
Bazin  is  two  and  two-tenths  times  that  of  Fiuncis  for  a  given  velocital 
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of  appniach*     Bazin's  con-ection  is,  hi  efff*ct,  an  increaHi^  iii  tht*  m(^i^ 
ured  bead  of  IM^  times  the  velocity  heiid,  vvhil*^  Fmnci^  lacretLsei^  the 

rn^anured  lie^  hy  mi  ttiiiaunt  t  J  n  ^f'^^^^^ttin^  v*?locity  head  accord* 

ing  to  Emerson'j*  formula. 

I  S&Uo  of  thr  fviftoruf  mrtiJttmiM  /or  i^HofHlii/  nf  apprnttrh  for  Kttpj^rfMttd  ifmr». 


teftiilt .-.. , .--  1.000 

nPtarler  nnd  Hk»aniJi , .  887 

Hainilton  Hinith  ,,.,.,,-. ,  .7ftB 

' Fnmdw, . . . , . .., ., .454 


Fteler  And  [   Httmlltoa 


1.127  1.271  '  tl 

1.000  j  L128  \.m 

.887  ]  LtlOO  l.HB 

.511  .mn  Lflcw 


Thf  fa(^t-ors  in  the  ahovp  table  are*  not  strictly  acxjurate,  for  the  m- 
son  that  the  exprertwioiin  u^ed  to  deduce  the  e<juivalents  from  tht*  tlif- 
ferent  forinulaH  are  in  ."^ome  ^'anes  approximations*  They  «eiTe  to 
ilhi.strate  tlie  reUiHve  ma^jnitnde  of  the  different  corrections  for  thin 
edged  weirs  without  end  contractions.  For  thin-edfred  weirs  with  m^ 
cont»'a<*tioiu  Haitjilton  Smith  uses  the  coefficient  ir^XA  and  Fteley  nn<^ 
SteaniMgive  the  roeHiiient  '*— ::iJ)5» 

Then*  are  no  experim<?nts  available  relative  to  the  v^ahie  of  tli*" 
velocity  correction  for  other  than  thin-edged  weirs.  It  is  necessary^ 
therefore,  to  utilize  the  values  above  given  for  weirs  of  irregular  sec- 
tion.  It  will  be  seen  that  it  matters  little  in  what  manner  t)he  correc- 
tion for  velocity  of  approach  is  applied,  either  by  directly  increasing' 
the  observed  head,  as  in  the  formulas  of  Hamilton  Smith  and  Fteley 
and  Stearns,  or  by  including  the  correction  in  the  weir  coefficient,  a» 
is  done  by  Bazin,  or  by  utilizing  a  special  formula  to  derive  thfe  cor- 
rected head,  after  the  manner  of  James  B.  Francis.  The  three  methods 
can  be  rendered  equivalent  in  their  etfect. 

The  important  point  is  that  the  corrected  result  must  be  the  same  as 
that  given  by  the  author  of  the  fornmla  w  hich  is  used  to  calculate  the 
discharge.  As  to  the  relative  value  of  the  different  modes  of  apply- 
ing the  correction,  it  may  be  said  of  that  of  Francis,  that  in  its  original 
form  it  is  cumbersome,  but  it  renders  the  correction  independent  of 
dimensions  of  the  leading  channel,  as  do  also  the  formulas  for  correc- 
tion used  by  Hamilton  Smith,  and  Ftele}^  and  Stearns.  Inasmuch  as 
the  velocit}^  head  is  a  function  of  the  discharge,  successive  approxima- 
tions are  necessary  to  obtain  the  final  corrected  head  by  any  one  of 
these  three  formulas. 

By  using  the  Hunking  and  Hart  formula  the  correction  for  the 
Francis  weir  formula  becomes  fairly  simple,  as  it  does  not  require  the 
determination  of  the  mean  velocity  of  approach  by  successive  approxi- 
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matioQS,  but  to  apply  this  formula  it  is  necessary  to  know  the  dimen- 
sions of  the  leading  channel  and  of  the  weir  section.  The  approxima- 
tion given  by  Emerson  is  also  much  simpler  than  the  original  Francis 
formula. 

Bazin^s  method  of  including  the  velocity  correction  in  the  coefficient 
makes  the  weir  coefficients  obtained  by  the  experiments  comparable 
one  with  another  only  when  both  the  head  and  velocity  of  approach 
are  the  same  in  both  cases/'    His  correction  also  involves  the  dimen* 
sions  of  the  leading  channel  as  factors.     Obviously,  in  the  («»e  of 
many  broad-crested  weirs  utilized  for  measuring  flow,  the  dimensions 
of  the  leading  channel  can  not  be  ascertained  accurately  and  there  is 
groat  variation  of  velocity  in  different  portions  of  the  section  of  ap- 
proach.    It  tecomes  nei^essary  that  the  correction  should  be  in  such  a 
form  that   it  is  a  function  of   the  velocity  and   not  of   the  channel 
dimensions. 

It  is  to  be  noticed  that  where  an  attempt  has  l)een  made  in  the 
weir  experiments  to  eliminate  velocity  of  approac^h  effect  from  the 
coefficient  the  velocity  has  been  nearly  e(|ualized  by  screens  and  has 
,  been  determined  by  successive  approximations.  It  is  suggested  that 
where  the  velocities  vary  widely  they  be  determined  by  current 
meter  in  several  subdivisions  of  the  section,  the  approximate  integral 
kinetic  energy  estimated,  and  a  value  of  a  selected  depending  on  the 

ratio  of  -j  so  obtained,  where  h  is  the  velocity  head  corresponding  to 

the  mean  velocity  and  A'  is  the  velocity  head  which  would  result  if  thr? 
actual  velocities  were  eijualized.  Inasmuch  as  the  surface  velocity 
usually  exceeds  the  mean  velocity  in  the  channel  of  approach  in  about 
the  same  ratio  that  h'  exceeds  A,  the  suggestion  is  made  by  Hamilton 
'*^mith*  that  where  the  velocity  of  approach  is  unavoidably  variable, 
or  the  boundaries  of  the  current  are  uncertain,  the  surface  velocity  Vt 
he  measured  by  floats  and  applied  directly  in  the  determination  of  the 
quantity  h. 

The  variations  in  discharge  over  a  thin-edged  weir,  by  the  ditt'erent 
formulas,  are  often  less  than  the  difference  in  the  correction  for  velocity 
of  approach  would  indicate.  In  the  fonnula  of  Fteley  and  Stearnjs,  as 
compared  with  Francis,  for  example,  the  larger  velocity  correction  is 
m  part  compensated  by  a  smaller  weir  coefficient,  and  the  same  i.s  true 
of  the  formulas  of  Hamilton  Smith  and  Bazin  for  cases  where  the  head 
is  large. 

a  See  special  dlacuHtdoii  of  ihc  puiut,  p.  (>3.  &bmith,  Hamilton,  Uydraulics.  p.  84. 
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END  CONTRACTIONS— INCOMPLI^TE  CONTRACTION. 

The  formula  for  end  contractions  deduced  by  James  B.  Francis  is 
very  generally  used.  The  correction  is  made  to  the  length  of  weir, 
the  result  obtained  being  the  length  of  a  suppressed  weir  that  will 
give  the  same  discharge. 

L=L'-hNir (40) 

J  =A  coefficient,  the  value  of  which,  deduced  by  Francis,  is' 

J=0.1. 
Z'=Act.ual  length  of  weir  crest. 
L  =  Length  of  equivalent  suppressed  weir  crest. 
iV^=  Number  of  end  contractions. 
//=  Effective  head,  feet. 

The  experiments  of  Fteley  and  Stearns/'  while  somewhat  discordant, 
indicate  an  average  value  of  h  for  heads  from  0.3  to  1  foot,  of  about 
0.1.  The  value  of  J  apparently  decreases  as  the  head  increases.  It 
also  decreases  if  the  end  contraction  piece  is  so  near  the  side  of  the 
channel  as  to  render  the  contraction  incomplete. 

Hamilton  Smith  shows  that  side  contractions  and  bottom  or  crej<t 
contraction  are  mutually  related,  and  that  the  side  width  of  the  chan- 
nel of  approach  should  be  fully  three  times  the  least  dimension  of  the 
weir.  l\sually  L  is  much  greater  than  //,  and  the  side  width  may  be 
made  at  least  as  great  as  8//.  The  specification  of  Francis  is,  side 
width  ^  IL 

Smith's  rule  indiaites  that  to  provide  complete  contraction  the  area 
of  leading  section  A  must  bear  a  relation  to  the  area  of  weir  section  a 
depending  upon  the  relative  head  and  length  of  crest. 

For  throe  weirs  of  (Hjual  section  a^  the  following  values  of  ^4,  the 
necessary  channel-section  area,  are  given: 


IJ 

--^^  V2. 

//=    1 

a-^Vl 

A-     1-1-^(1 

L 

^  4 

11-  3 

a  =  12 

,t^-2(U-2.2« 

L 

^    1 

II^Vl 

a  =  \'l 

J_.105=:.S.7rt 

Hamilton  Smith  prefers  to  use  sei)arate  coefficients  for  suppressed 
w^eirs  from  those  for  contracted  weirs,  the  relation  between  the  coeffi- 
cients being  expressed  by  the  formula 

r;,=  c.(i+.|) (41) 

6p=Coefficient  for  partially  suppressed  weir,  as  with  complete  sup- 
])ression  on  sides  and  full  contraction  at  })ott()ni. 

«  Fteley  and  SteaniH,  ExperimciitH  on  the  flow  of  water,  etc.:  Trans.  Am.  Soe.  C.  E.,  vol.  12,  pp. 
10&-113. 
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6>=CoeflBeient  for  completely  contracted  weir. 

X= Least  dimension  of  weir,  whether  L  or  H. 

R  =  Wetted  perimeter  of  weir=Z+2^. 

y^ Distance  from  any  side  of  weir  to  the  respective  side  of  channel ^ 

where  there  is  partial  suppression. 
S  —  Length  of  sides  on  which  there  is  partial  suppression. 

Smith's  values  of  contraction  coeflScient  2  in  formula  31  are 


y/A' 

z 

3 

0.000 

2 

.005 

1 

.025 

i 

.06 

0 

.16 

The  ratio  KX  approximately  measures  the  amount  of  contraction/* 

liazin  does  not  give  a  formula  for  weirs  with  end  contractions.    The 

Bazin  formula  may  be  applied  to  weirs  in  which  the  height  of  weir  is 

so  small  that  the  bottom   contraction   is  partially  suppressed.     The 

Bazin  coefficient  then  includes: 

1.  Effect  of  contraction  from  surface  curve. 

2.  Effect  of  crest  contraction  and  its  modification  by  both  velocity 
of  approach  and  by  partial  suppression,  if  any. 

3.  Effect  of  velocity  of  approach  proper. 

4.  Effect  of  distribution  of  velocities  in  channel  of  approach. 

5.  Loss  of  head  from  friction  and  eddies. 

As  the  Bazin  weirs  were  very  low,  and  these  factors  go  to  incr^^ase 
tie  correction  necessary,  it  will  be  seen  that  the  relatively  large 
velocity  of  approach  correction  required  by  Bazin's  formula  ma}^  be 
readily  accounted  for. 

The  experiments  of  Flinn  and  Dyer  on  the  Cippoletti  weir  (see 
p.  48)  indicate  that  the  effect  of  end  contraction  may  be  somewliut 
greater  than  that  indicated  by  the  Francis  formula.  Any  experimc^nts 
in  which  similar  volumes  of  water  have  been  successively  passed  ov(?r 
weirs  with  and  without  end  contractions  may  be  utilized  to  determine' 
the  effect  of  such  contractions. 
It  may  be  added  that  a  more  elaborate  study  of  end  contractions  is 
■  desirable.  It  is  to  be  borne  in  mind,  however,  that  to  secure  greater 
accuracy  in  this  regard  a  more  complicated  or  variable  correction  thiin 
that  of  Francis  must  probably  be  used,  and  the  result  will  be  to  greatly 
increase  the  labor  of  weir  computations  in  the  interest  of  what  is 
usually  a  comparatively  small  matter,  the  better  remedy  being  prob- 
ably the  use  of  weirs  with  end  contractions  suppressed,  where  \er 
practicable. 


aSmltb,  Hamilton,  Hydraulics,  pp.  llS-123.  Smith's  critical  discussion  of  this  subject  wiJI  »"■ 
loood  of  value  in  calculating  discharge  for  weirs  with  partially  suppressed  contraction  either  at  ^idi.'^ 
or  bottom. 
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COMPOUND  WEIR. 

A  weir  mtb  a  low-water  notch  depressed  below  the  general  crest 
level  may  soraetimea  be  listed  to  advantapfe  in  gaging  8mal1,  varmbfe 
i^ti'eam.s.  The  discharge  o\ or  iiiu-h  ii  weir,  fonistrmted  with  end  ton- 
trat^tiouw  on  lK>th  .Heetionw^  can  he  calculated  as  for  two  separate  wein^, 
the  lower  t^hort  section  having  end  conti*action«  for  all  head^.  Tb« 
flow  over  the  two  upper  seetioiiM  if*  eomputed  as  for  a  suppresvsed  weir. 
Such  a  W(dr  husa  heeri  used  for  the  determination  of  the  low- water 
flow  uf  very  small  streanLs,  for  whieh  purpose  it  Ls  well  adapted,  the 

I  entire  stream  when  at  1<jw  stagew  flowing  in  the  cent  nil   notch,  in  a 

[stream  rektivcly  deep  and  narrow* 

The  mea^nrmnent  of  very  thin  hheet8  of  water  on  a  bitmd  weir  k 
subje^^t  tti  ])eculiHi'  (littienlties,  including  uncertainty  of  coefficient, 
adhesion  of  nappt^  to  weir  face^  distiersion  by  winds,  and  a  largp  per- 

[eeutiHgti  eri^ir  in  the  resultj^  if  there  ia  a  small  error  in  measuring  the  i 
head. 

TRIANGULAR  WEIR, 
GENERAL   VUtMVhA, 

Referring  to  tig.  -4,  we  may  write  * 


Biihsti  til  ting,  in  equation  (4), 


The  mean  coefficient  of  contraction  for  a  ttiin-edged  triangular  weir 
deduced  experiiueiitally  by  Prof.  James  Thomson,  of  Belfast,  is  M= 
0.617,"  the  formula  being 

Q=^^ML4^ir^  =  l.^2LH^ (43) 

a  British  AHsociation  Report,  1858  (original  not  consulted).    Merrimau  give«s  the  mean  y»liie  o{  X 
for  heads  between  0.2  and  0.8  foot  as  0.692. 
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Pot  a  right-angled  notch, 

L=2irmdQ=2.M:£r* (44) 

The  length  of  the  contracting  edges  in  a  triangular  notch  being  pro- 
portional to  the  depth,  it  is  believed  that  the  coefficient  of  discharge 
s  somewhat  more  constant  than  for  a  rectangular  weir.** 

TRAPEZOIDAL    WEIR. 

The  discharge  in  this  case  may  be  determined  directly  from  the 
integral  formula  (4)  as  for  a  triangular  weir,  by  integrating  between 
the  limits  AD  and  CE,  fig.  5.     It  may  also  be  derived  as  follows: 


Fig.  5.— Trapezoidal  weir. 

2= slope  of  one  side  to  the  vertical. 


Jy=o 


By  integration, 


Q^l^gLH^+y^^gH^ (45) 

in  which  coeflicients  of  contraction  for  the  horizontal  crest  and  for 
the  end  slopes  must  be  introduced. 

THE   CIPPOLETTI   TRAPEZOIDAL   WEIK. 

The  discharge  over  a  trapezoidal  without  contraction  would  be  the 
sum  of  that  for  a  rectangular  weir  added  to  that  for  two  triangular 
^eirs  forming  the  ends.  From  the  experiments  of  »)ames  B.  Francis* 
•t appears  that  each  end  contraction  reduces  the  effective  length  of  the 
^eir  0.1  ZT.     The  contraction  decreases  the  discharge  by  the  amount 

If  the  ends  of  the  weir,  instead  of  being  verticml,  are  inclined  out- 
ward in  such  manner  that  the  discharge  through  the  added  area  coun- 
terbalances the  decrease  from  the  end  contraction,  then  the  effective 

"The  coefficient  2.64  is  the  stimc  as  that  (UMlucod  for  brcMwl  (Test  weirs  with  stable  nappe.    A  table  of 
^ue*  of  2.64fl*  ifl  ^ven  on  pajfe  177.  which  may  be  applied  in  calculating  flow  over  triangular  weir«- 
^Lowell  Hydnulic  Experiments. 

LBB  150—06 i 
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length  of  the  weir  will  remain  constant  as  the  head  increases,  the  same  l#j 
as  in  a  suppressed  weir.  The  discharge  through  the  end  triangle  ABC  §  i 
will  be,  from  equation  (42), 

Where  z  is  the  width  or  base  of  the  end  triangle.     Ekjuating  the 
two  expressions  for  Q,  and  solving  for  2,  we  find,  assuming  Mto  have  |^ 
the  same  value  in  both  cases, 

z=lir m 

This  condition  defines  the  (^ippoletti  weir.^ 

CIPPOLEm's   FORMITLA. 

Cippoletti  derived  his  formula  from  a  discussion  of  the  experiments 
of  James  B.  Francis,  selecting  a  coefficient  1  per  cent  greater,  making 

Q=^X0,iy29  £If^l2g}I=S:36^Zff^    •     •     •     •    (^'^) 

Z  is  the  length  of  the  crest  or  base  of  the  trapezoid. 

Flinn  and  Dyer*  experimented  at  the  testing  flume  of  the  Holyoke 
Water  Power  Compan}^  by  passing  the  same  volume  of  water  succei<- 
sively  over  a  trapezoidal  experimental  weir  and  over  the  gaging  weir 
of  the  turbine  testing  flume  19.7  feet  downstream.  The  latter, it  is 
stated,  complied  in  form  with  Francis's  specifications. 

The  depths  were  observed  by  hook  gage;  eleven  readings,  as  a  rule, 
being  taken  and  their  arithmetical  mean  used  for  the  determination  of 
a  head.  The  thirty-two  series  of  valid  experiment^  range  from  0.3 
foot  depth  on  a  weir  with  sill  length  of  3  feet  to  a  head  of  1.25  feet  on 
a  sill  9  feet  long. 

The  discharge  over  the  standard  weir  was  calculated  by  the  formulas 
of  J.  B.  Francis  and  of  Hamilton  Smith.  The  correction  for  velocity 
of  approach  at  the  e\perimental  weir  was  made  by  the  fornmla  of 
Hamilton  Smith,  for  use  with  contracted  recttmgular  weirs, 

Flinn  and  Dyer's  coefficients  are  as  follows: 

Mean  of  32  experiments,  r=3.283 

Mean  after  rejecting  5  diminished  weights,  T  — 3.301 
In  general,  the  coefficient  diminished  as  the  h(»ad  increased,  suggest- 
ing that  the  (»nd  inclination  should  slightly  excecMl    //  in  the  Cippoletti 
weir,  to  provide  complete  compensation,  and  that  the  end  contmction 

"First  described  by  Ce!*<ire  Cippoletti  in  ('anal  Villoresi,  Modiilo  prr  la  l)is])ensa  delle  Acque,  l***' 
''Flinn,  A.  D.,  and  Dyer,  ('.  W.  D..  The  Cippoletti  trapezoidal  weir:  Trans.  Am.  Sc»c.  C.  E.,  vol. '*■• 
JSi^,  pp.  9-:i3. 
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coefficient  in  the  trapezoidal  weir  may  be  greater  than  0.1//,  a«  used 
by  Francis. 

The  question  is  complicated  by  velocity  of  approach.  For  example,' 
had  the  Francis  velocity-correction  formula  been  used  by  Flinn  and 
Dyer,  their  values  of  C  would  have  been  larger.  As  a  tentative  con- 
clusion it  is  probable  that  the  application  of  either  the  Francis  for- 
mula with  his  velocity-head  correction  or  the  Flinn  and  Dyer  coefficient 
with  the  Smith  velocity  correction  will,  when  applied  to  a  Cippoletti 
weir,  give  results  as  accurate  as  the  precision  of  the  coefficients  will 
justify. 

RKQUIRKMKNT8  ANI>  ACCirRACY  OF  WEIR  GAGING8. 

PRECAUTIONS  FOR  STANDARD  WEIR  GAGING. 

Certain  .specifications  were  laid  down  !)y  James  B.  Fmncis  as  guides 
in  cases  where  the  utmost  precision  is  desired  in  weir  measurements." 
The  limits  of  applicability  of  the  weir  have  been  greatly  extended 
since  185ii,  and  some  of  the  uncertainties  as  to  the  effect  of  various 
modifications  of  weir  construction  have  been  removed. 

In  general,  for  standard  thin-edged  weirs — 

1.  The  upsti*eam  crest  edge  should  be  sharp  and  smooth. 

2.  The  overflowing  sheet  should  touch  only  the  upstream  crest 
corner. 

3.  The  nappe  should  l)e  perfectly  aerated. 

4.  The  upstream  face  of  the  weir  should  l>e  vertical. 

5.  The  crest  should  be  level  from  end  to  end. 

6.  The  measurements  of  head  should  show  the  true  actual  elevation 
of  water  surface  above  the  level  of  the  weir  crest. 

7.  The  depth  of  leading  channel  should  be  sufficient  to  provide  com- 
plete crest  contractions,  and,  if  they  are  not  suppressed,  the  width  of 
channel  should  be  sufficient  to  provide  complete  end  contractions. 

8.  A  weir  discharging  from  a  (juic^t  j^^nd  is  to  he  preferred.  If  this 
is  not  available,  the  velocity  of  approach  in  the  heading  channel  should 
be  rendered  as  uniform  as  possible  and  correction  made  therefor  b}- 
the  method  employed  by  the  experimenter  in  deriving  the  formula. 

In  order  to.fulfill  these  recjuirements,  certain  secondary  conditions 
ate  necessary.  The  depth  on  the  weii-  should  he  measured  at  a  point 
^ar  enough  upstream  from  the  crest  to  be  unatfected  by  the  surface 
curvature,  caused  by  the  discharge. 

rtFranoiH,  J.  B.,  I^owell  Hydmiilif  ExpcrimentH,  pp.  133-13o. 
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The  dit^tHrtice  upsti^ain  to  the  point  of  measuritig  the  head  hm  tieen 
as  follows: 


K«|ieHtmttit«r. 


FouM^t  miiX  lAwlmiw ,..,.,..  1^2H 

Iji'shmw _ ..-.-/  18;t4 

Fmndti..,, ,.,. ........j  imii 

HamillonSmitUJr ...„,„._„.„„,„..  IST^-BTtl 

PleU'y  arid  8t<^anw_... ,..„.,.„.,___,,.*,.  1H7H 

BWMJI * ,,,..... J  1S86 


I 


[jbutic« 


ffiS^ 


5.00 


Six  foot  iqir^tiotiin  fniiii  cres»t  i«  a  dlstatice  frequently  iii^ied,  but  tla» 
juay  }ie  inHuHituent  for  sup]n'e.sscHl  weir>5,  and  alj*o  for  those  hftFiiig 
irregular  tTOHs  sections  or  upstreiim  ^lopej?,  lioileuu  considered  the 
I  origin  of  the  aurfac^i  curvaturfl  to  he  at  a  rfistaiice  from  the  weir  ei^iial 
to  alKjnl  2,5  timers  tlic  heiglit  of  erest  ahove  tlie  iKjttorn  <if  tlie  cimtiiie! 
of  upproa<*li,  indieating  that  far  a  8up))reHsed  weir  the  bead  ^hoiiM 
1k^  tnetusured  at  lea^t  thiw  distance  from  tlie  cR^t,"  For  a  weirdies* 
charging  from  a  ^till  pond  the  head  can  be  measured  at  any  connidcr- 
able  distance  fctjm  the  wt:ii\  I  [itrnihi m  Sniit!/' .states  that,  fc^r  weio 
with  full  con  traction  J  //t^nbenJi^atinn^d  at  any  convenient  point  fn>m 
4  feet  to  H*  feet  from  the  crest. 

The  head  may  i>e  measured  directly  fiy  a  graduated  »cale  or  hook 
gage,  or  by  means  of  a  piezometer  tubt^  having  its  oritiee  flu*ih  with 
the  side  wall  of  the  leading  cliain»eK  and  at  riglit  angles  to  the  direc- 
tion of  tlow  of  the  water. 

The  depth  of  the  leading  channel  in  Francis*?*  exix^rimentH  wa^  ^■*' 
feet  below  crc^t,  ant!  Francis  lnys  down  tlie  rule  that  the  depth  of  tbe 
leading  <ranul  should  Ije  at  least  three  limits  tin-  bead  i>n  the  winr* 
Haoiilton  Smith  fixes  the  minimum  depth  of  the  leading  channel  \w\o^' 
the  crest  at  ii//. 

Fteley  and  Stearns^  state  that  the  depth  of  the  leading  chana^* 
below  weir  crest  should  be  at  least  0.5  foot,  in  order  that  correcti^^ 
for  velocity  of  approach  may  be  reliably  made  for  depths  occurring  i^ 
their  measurements,  and  that  a  greater  depth  of  leading  channel  is  t^ 
be  preferred. 

To  provide  complete  end  contractions,  Francis  states  that  the  dii^^ 
tance  from  the  side  of  the  channel  of  approach  to  the  end  of  the  wei^ 
overflow  should  be  at  least  equal  to  the  depth  on  the  weir.     Hamiltot^ 

a  Fteley  and  Stearns,  Experimenta  on  the  flow  of  water,  etc.:  Trans.  Am.  Soc.  C.  E.,  vol.  12,  p.  47. 
l>  Smith,  Hamilton,  Hydraulics,  pp.  129-131. 
o  Ibid.,  pp  112-114. 
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h  considers  that  the  distance  from  the  end  of  the  weir  to  the  side 
le  channel  should  !)e  at  least  2Zr,  and  that  the  depth  of  channel 
V  crest,  also  the  side  distance,  should  in  no  case  be  less  than  1 
Francis  further  specifies  that  the  length  of  weir  crest  should 
least  three  times  the  depth  of  overflow.  The  nappe  should  not 
lowoxi  to  expand  laterally  immediately-  below  a  suppressed  weir, 
order  that  the  nappe  may  be  perfectly  aerated,  Francis  considers 
the  fall  below  crest  level  on  the  downstream  side  should  be  not 
:han  i//,  increasing  for  very  long  weirs  or  in  cases  where  the 
stream  channel  is  shallow.  Ho  found,  however,  no  perceptible 
ence  in  the  discharge  for  a  head  of  0.85  f(M)t,  whether  the  water 
e  downstream  side  was  1.05  feet  or  0.0255  foot  below  cre^t  level, 
y  and  Stearns  and  Hamilton  Smith  agree  that,  if  the  water  is 


Creat  4.6  aboye  < 
main  channel    ^ ,  ^ ,, , ^ 

Firj.  (1. — Sections  <»f  llu'  Fmncis  weir.     A,  General  s<'cti(m  of  wrir:  H,  detail  of  orost. 

below,  it  may  rise  to  civ.st  hnol  on  downstream  side  of  weir 
mt  sensible  error,  and  Fteley  and  Stejirns  add  that  a  weir  may  be 
lerged  to  a  depth  of  ir>  ])or  crnt  of  the  head  without  an  error 
^ding  1  per  cent. 

e  thickness  of  crest  lip  is  iinni{it<»rial  so  long  as  the  edge  is  shai'p 
iquare  and  the  napp(^  cuts  free  and  is  freely  aei'ated.  The  latter 
itions  require*,  however,  that  the  ciest  shall  })e  thin,  es])ecially 
e  the  head  is  slight. 

r.  6  shows  cross  sections  of  th(*  crest  of  the  weir  used  by  James  B. 
cis  at  the  Lower  Merriniac  locks  at  Lowell,  in  1852,  in  deriving 
)rraula.     The  crest  consisted  of  a  cast-iron  plate  13  inches  wide 

inch  thick,  planed  truf»  and  smooth  on  a\\  ?>\\Tl>aDC^^,    \\.^  \xV^^?c 
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edge  was  chamfered  on  the  downstream  side  at  an  an^le  of  45^  to  a 
thickness  of  0.25  inch  at  the  edge.  As  shown,  the  nappe  cut 
clear  from  the  top  of  the  crest  in  an  unbroken  sheet.  The  low€4 
head  used  by  Francis  was  over  0.5  foot.  For  very  low  heads  the  crest 
lip  should  be  thinner.  A  wooden  crest  tends,  by  capillary  attraction, 
to  cause  the  nappe  to  adhere  to  the  flat  top  surface  under  low  heads. 
A  wooden  crest  is  chejip,  easily  adjusted,  and  convenient  for  tenipo- 
mry  use,  but  it  will,  in  time,  tend  to  l>ecx)me  somewhat  rounded 
reducing  the  vertical  contraction  of  the  nappe. 

A  cast-iron  crest  will  usually  have  to  be  made  to  order.  A  lar^ 
steel  angle  bar  ma}"  often  be  obtained  from  stock  sizes  of  the  rolling 
mills  more  cheaply.  Such  a  bar,  with  legs,  say  8  and  6  inches, 
respectively,  with  the  O-inch  flat  face  planed  and  its  edge  trued,  will 
form  a  rigid  and  permanent  crest.  The  3-inch  leg  may  be  bolted  to 
the  top  of  the  timbers  forming  the  body  of  the  weir. 

It  may  be  added  that  approximate  corrections  for  rounding  of 
upstream  corner  of  the  crest,  inclination  of  the  weir  upstream  or 
downstream,  or  incomplete  contrac'tions  can  be  made  from  data  now 
available.  In  constructing  gaging  weirs  preference,  however,  should 
be  given  to  those  forms  which  render  the  determination  of  the  dis- 
charge the  most  simple,  and  the  extent  to  which  the  preceding  speci- 
fications may  be  departed  from  judiciously  will  depend  upon  the  exi- 
gencies of  the  case  and  the  purposes  for  which  the  results  are  desired. 

PLANK  AND  BEAM  WEIRS  OF  SENSIBLE  CREST  WIDTH. 

Experiments  on  weirs  with  crest  boards  1,  '2,  or  4  inches  in  thickiie«i< 
were  made  hy  Blackwell,  Fteley  and  Stearns,  and  Bazin.  The  results 
show  that  for  depths  exceediiii,^  1.5  to  2  times  the  crest  wMdth  tb 
nappe  will  l)reak  free,  and  if  properly  aciat^'d  the  coeflicient  will  th<Mi 
be  identical  with  that  for  a  thin-edtred  weir. 

When  the  nappe  adheres  to  the  ci'cvst  the  cooflicients  are  very  uncer- 
tain foi"  such  weirs,  adhesion  of  nappe  to  downstream  face  of  crest 
and  nioditi(*d  aenition  entering  to  give  diveroent  values. 

The  precise  stage  at  w^hich  the  chang(»  from  an  adhering  to  a  free 
nappe  or  the  reverse  occurs  is  not  constant,  but  varies  with  velocity  of 
approach  and  with  rate  of  change  of  the  head  as  the  changing  point  i?^ 
approached,  being  different  for  a  sudden  and  for  a  gradual  change,  an^ 
also  when  the  point  of  change  is  approached  V)v  an  increasing  as  con^' 
pared  with  a  decreasing  head. 

REDUCTION  OF  THE  MEAN  OF  SEVERAL  OBSERVATIONS  OF  HEA^' 

In  measuring  a  constant  volume  of  water,  several  observations  o^ 
the  head  on  the  weir  are  desirable,  the  accuracy  of  the  results 
according  to  the  theory  of  least  scpiares,  being  proportional  to  th<^' 
square  root  of  the  number  of  observations. 
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In  weir  experiments  it  is  often  impossible  to  maintain  a  perfectly 
iform  liead  or  regimen.  If  the  variations  are  minute  the  arithmet- 
\\  mean  may  he  used  directly.  If  the  variations  are  of  wider  range, 
if  the  utmost  precision  is  required,  the  following  correction 
rmula  of  Francis  may  be  applied: " 

Let  />!,  />j,  />j,  etc.,  />„  represent  the  several  successive  observed 

heads. 
Let  ^,,  ^j,  ^3,  etc.,  t,^  represent  the  corresponding  interv'alsof  time 

between  the  several  observations. 
Let  T' represent  their  sum,  or  the  total  time  interval. 
^=the  total  volume  of  water  flowing  over  the  weir  in  the  time  T. 
J)=the  mean  depth  on  the  weir  that  would  discharge  the  quantity 

Q  in  the  time  T, 
Z  =  the  length  of  weir  crest. 
6"=  the  weir  coefficient. 
We  have,  very  nearly, 

^=§  C'Z/>i^+^^t^_  CLD,^+^-'p-'  (7ZA^+etc.+%  CLdJ 

Also, 

Q^TCLD^. 

Equating,  eliminating  the  common  factor  CL^  and  solving  for  Z>,  we 

ve 

Z>={^(|  A*  +  ^^|^^A^+^'*"J-'A*+etc.+|i>„*M*     (48) 
EFFECT  OF  ERROR  IN  DETERMINING  THE  HEAD  ON  WEIRS. 6 

Consider  the  formula 
Differentiating,  we  have 

(JQ=:^  ciJlfdH. 

The  error  of  any  gaging  when  H-\-dJI'\H  taken  as  the  head  instead 
the  true  head  H  being  used  will  he  dQ,  and  the  ratio  of  this  quan- 
y  to  the  true  discharge  Q  will  be 

dQ^^CLrfl  jffJ^dH  .^^. 

^'    ^CLH^         ^^ 

This  formula  will  give  nearly  the  correct  value  of  the  error  if  the 
cTement  dH  approaches  an  infinitesimal. 


Francis,  J.  B.,  Lowell  Hydraulic  Experiments,  p.  113. 

Rafter.  0;W..  On  the  flow  of  water  over  damH:  Traiu*.  Am.  ftoo»C.  Y:..,\cA.4V,  v-^*^*'  *^»■^»*'^«w^ 

en  based  on  discusaion  by  Haider  C.  Parmley. 
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In  the  following  table  is  shown  the  effect  of  errors  of  one  thou- 
sandth, five  thousandths,  one  hundredth, -and  five  hundredths  foot, 
respective}}',  for  various  heads.  This  clearly  illustrates  both  the 
necessity  of  proper  care  and  the  folly  of  ultra  precision  in  measuring 
the  relatively  large  values  of  //  with  which  we  are  mainly  concerned. 
The  curves  of  error  on  PL  II  are  equilateral  hyperbolas,  wljich  have 
been  reduced  to  straight  lines  by  plotting  on  logarithmic  scales. 

Percentage  error  in  discharge  resulting  from  txirious  errors  in  the  mecisnred  head  on  t/wx. 


Head,  in 
feet. 

0.001         ' 

I'er  cent     \ 

0.1 

1.5          1 

.5 

.3 

1.0 

.15 

5.0 

.03 

10.0 

.015 

Error  in  measured  head,  in  feet. 


0.005 


0.06 


crnt. 

Percent. 

Prrcmi. 

5 

15 
3 

.5 

15 

.75 

1.5 

7.5 

15 

.3 

1.5 

.  075 

.15 

.75 

An  error  of  a  half-tenth  foot  under  5  feet  head  causes  the  same 
error  in  the  result  as  an  error  of  one-half  hundredth  foot  with  a  head 
of  one-half  foot. 

In  weir  experiments  it  is  important  to  know  the  effect  of  an  error 
in  head  //on  the  resultant  coefficicMit  of  discharge  C,  The  error  in  C 
is  evidently  equivalent  to  the  error  in  Q  found  above,  where  J/ is 
constant. 

ERROR  OF  THE  MEAN  WHERE  THE  HEAD  VARIES.  ' 

In  determining  the  volume  of  flow  over  dams  where  gaging  records 
are  kept,  the  method  usually  pursued  has  been  to  have  readings  takei^ 
twice  daily,  as  at  morning  and  evening,  showing  the  depth  flowing 
over  the  cr(\st  of  the  dam.     The  averages  of  the  two  readings  for  eacl^ 
day  has  been  found  and  the  volume  of  flow  corresponding  to  thi^ 
average  head  has  been  taken  as  the  mean  rat(»  of  flow  over  the  dair^ 
for  the  day. 

It  is  evident,  however,  that  as  the  discharge  varies  more  rapidly 
than  the  head  (usually  considered  to  be  i)ropo!ti()nal  to  the  three-halves 
power  of  the  head),  the  volume  of  discharge  obtained  as  alx)ve 
described  will  be  somewhat  less  than  the  amount  which  actualh'  passes 
over  the  dam.  The  following  analysis  has  been  made  to  show  the 
magnitude  of  the  error  introduced  by  using  the  above  method. 

Assuming  that  the  initial  depth  on  the  crest  of  the  dam  is  zero,  but 
increases  at  a  uniform  rate  to  //j  at  the  end  of  a  time  interval  jT,  the 
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^neiiii  head  deduced  from  observations  at  the  beginning  and  end  of  the 
>>eriod  would  be  i  //„  the  head  at  any  time  t  would  be 

II=ft 
^here/ is  a  constant. 

We  may  write  the  usual  formula  for  weir  discharge  Q—CLn^\ 
then,  if  the  head  varies  from  zero  to  ^,  the  total  volume  of  flow  in 
the  time  Twill  be 


<?t=     /     Qdt^  CLf^    I     t^dt=\  CLf^T^  . 


(50) 


The  total  discharge  corresponding  to  the  average  head  r:  H^  is 

Q„=VL(^T=CL(^f^'I^  .     .    .     .    (51) 


The  ratio  of  the  discliarge  is 


i 


0\ 

Volume  by  average  head  _  Q^^  _  \2j  __q 
Actual  volume  ~   Qt  ~     2    ~  ' 

5 


8840 


(52) 


It  appears  that  where  the  initial  or  terminal  head  is  zero  the  volume 
of  flow  determined  }>y  using  the  average  head  will  be  11. 6  per  cent 
too  small.  This  percentage  of  error  is  the  same  whatever  may  be  the 
maxinmm  head  //,  and  whether  the  stream  is  rising  or  falling.  It  is 
also  independent  of  the  rate  of  change  in  the  head. 

Conditions  like  those  above  discussed  occur  at  milldams  during  the 
reason  of  low  water,  when  the  pond  is  allowed  to  Hi!  up  at  night  and 
the  water  is  drawn  down  to  crest  level  or  below  during  the  day  when 
mills  are  running. 

The  following  example  will   illustrate.      Suppose  ii  sharp-crested 
weir  without  end  contractions,  with  crest   I    foot  long,  on  which  the 
[  water  rises  to  a  depth  of  I  foot  in  a  period  of  10  seconds — 

Meitu  depth  an  n  n-fir  irith  rartfiiuf  head. 


Tiine,  in  seconds 

Head,  in  feet,  at  end  of  each  s»'<<)imI  . . . 

Average  head  for  perio<l 

Average  head,  second  to m«(<»ih1 
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Usiiii;  the  average  bead  during  each  second  the  volume  of  flow  ratr 
be  approximately  integrated  b}'  finite  differences,  as  follows,  the  dis- 
charge being  taken  from  Francis's  tables: 

DMuvrge  over  a  weir  with  varying  head. 


Time,  in  leoondn. 

Inleet.      ' 

DiKhaise.  In 
Moond-feet. 

Oto    1 

0.05 

0.037 

Ito    2 

.15 

.194 

2  to    a 

.25 

.416 

3to    4 

.:« 

.690 

4to    5 

.45 

1.005 

6to    6 

.55 

1.358 

6  to    7 

.65 

1.745 

7t4>    8 

.75 

2.163 

8to    9 

.85 

2.609 

9  to  10 
Total 

.95 

3.083 

13. 30 

The  average  head  for  the  entire  period,  0.5  foot,  gives  a  discharge 
for  10  seconds  of  11.778  second-feet,  or  88.5  per  cent  of  that  given 
above,  the  numerical  result  agreeing  closely  with  that  obtained  by 
analysis.  The  volume  of  flow  from  average  head  equals  seven-eighths 
of  the  true  integral  volume  of  flow,  approximately. 

If  there  i«  an  initial  heiul  If^,,  then  when  the  head  varies  uniformly. 

The  total  voluniP  of  flow  in  time  7'  will  1m« 
Q,^.    I  Qdt=('L   I  {/I,,+ff)'df^~^.0L(^7f,.+fTy-lyCLIl}- 
The  average  he^  durinj^  time  7' is 

The  total  volume  of  flow^  (corresponding?  to  this  head  is 


^.v-r/.(//„+J/r)V 
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The  ratio  of  the  actual  or  integral  discharge  to  the  discharge  by  the 
rerage  head  is 

( II+-  fT^  T 
ume  by  average  head__5  ^      y    ^    2*^    y 

Integral  volume 


[(fi;+/r)*-^„*] 


(58) 


The  value  of  this  ratio  is  independent  of  the  coefficient  or  length  of 
oil-,  but  varies  with  the  rate  of  change  of  head. 


WEIR  NOT  LEVEL. 


If  the  crest  of  a  gaging  weir  is  not  truly  horizontal,  but  is  a  little 
iclined,  the  discharge  may  be  closely  approximated  by  the  use  of  the 
rerage  crest  depth  Hm  the  ordinary  fonnula,  or  more  precisely  by 
le  formula  below,  applicable  also  to  weirs  of  any  inclination. 


Flo.  T.^Inclined  weir 


The  flow  through  the  elementary  width  dl  is 
dQ:=  Cll^dl 


M=II,+  '^'-f-^H 


Total  discharge = 
Intejrrating, 


:i('L 


(M) 


In  this  formula  either    tlio  mean  coeiticiont  deduced  hv  Tlioiiisoii 
(i^e  p.  46)  for  a  triangular  weir,  in  which  t  6  —  1.82,  or  Unit  of  Fran- 

«'!«,  in  which  -  6'=  1.382,  inav  be  used.      If  there  are  <»nd  contractions, 
5 

the  net  length. 


i^hould  be  used. 


X^7/-o..(Z'-+Z^), 
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Tbe  di*seiiaix<3  ujsing  the  nveragB  head, 


v=v,.('i^y 


m 


Tht^  oxt4^iit  of  vnriatiou  frevtu  tht*  tnti*  diMdmiyp  rodtiltini^  fnimtlH' 
iijseijf  fijrnuihi  (55)  in  pUivv  t»f  thij  iutognil  formula  (54)  is  iUustrited 
by  thi.^  following; 

Let  l^WtmU  fir  l-*>  ff>ot,  ^  r'=L332. 

DLs^'hiirgr   by   {^*^)   for    avora^r    hriKl  =  B3,3(>  i-uhic  feet  per  second. 

Ilf  ^,— //,  =(t*01foDt     triiedisrliKr^o,  (J=H'6/SU  viMv  U*i*i  \H*r  ><*uoni 
If //a"//,— 0»lnf<KH  -   Irm^disrlinrgr,  fj/^SS.ao  ctibic  fppt  per  siewjnd- 
If //,— //i  =  t\50foat-  tniediHihar^^e,  g^SS,64  cubic  ff*(^t  p(*r  MTorni 
I       In  f^piinnil,  siuiT  Hii^  iliw^'liur^^r  varies  iiiort"  rapidly  than  the  lirai. 
I  the  etfevt  of  nikudatintr  tlic^  dinrhajyt'  fruiti  tlic  avt^mp'  luwi  ulllNi* 
I  to  gin*  too  Hniitll  fUsi'luirgi*,  the  error  increaNiiig  with  (he  variatioiiiis 
rrp?4t  levi^L 

Hent*e  thi*  flii^iilijirgt*  t>l>taiiied  \ty  u.sing  the  average  crest  level  fur  a 
weir  having  an  inclined  or  uneven  crest  will  he  *^mewhat  deHtieni. 
The  nmgrntude  of  the  variations  in  height  of  the  L*rest  will  detcnnino 
whether  the  avenigc  pro  tile  can  he  used  or  w^hether  the  i^re^^t  sliould  f«' 
riulxiividerl  iato  sections,  each  comprising  |>orti<knN  having  very  neHrl) 
the  same  elevation  (whether  adjacent  oi^  not)*  and  the  discharge  ovrr 
each  section  computed  as  for  a  separate  wv\\\ 

In  general  it  may  he  stated  that  tiie  error  in  tiie  value  of  ^i 
increases  directly  in  i)n>|>ortion  as  tlie  ratio  of  the  difference  in  thi' 
limiting  heads  to  tlie  average  head  is  increiksed. 

CONVEXITY  OF  WATER  SURFACE  IN  LEADING  CHANNEL. 

If  there  are  wide  variations  in  velocity  in  the  measuring  section,  tbt^ 
level  of  the  water  surface  may  be  affected,  *jince  water  in  motion  * 
exerts  less  pressure  than  when  at  re,st. 

Conditions  of  eqn!lil>riuin  cause  the  swift-moving  current  tjo  rise 
above  the  level  of  the  slower*moving  portions.  If  the  head  is  mew- 
ured  near  still  water  at  the  shore,  the  result  may  1m^  slightly  too  small* 

The  ditfereune  in  height^'  may  he  cxpre.ssed  in  the  form, 

D,-/\  =  r'^^"^ (5«) 

The  coeiBcient  /•  is  often  assumed  equal  to  unity,  but  evidently 
varies  with  the  distri!)ution  of  velocities  whost*  lesultant  effect  it 
measures. 


a  HumphreyH  and  Abbot,  Physics  and  Uydraiilicii  uf  the  Mississippi  River,  1876,  p.  320. 
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RE8Ur.T8  OF  EXPERIMENTS  ON  VARIOUS  FORM8  OF  WEIR 

CROSS  SECTIONS. 

THE  USE  OF  WEIRS  OF  IRREGULAR  SECTION. 

Many  cases  arise  where  it  is  desired  to  estimate,  approximately,  at 
least,  the  flow  over  dams  of  peculiar  cross  section. 

The  t!onstruction  of  so-called  standard  or  thin-edged  weirs  that 
shall  he  permanently  useful  to  measure  the  flow  of  large  and  variable 
streams  is  so  difficult  and  expensive  as  to  he  frequently  impracticable. 
Existing  inilldams  often  afford  a  convenient  substitute.  In  the 
following  pages  are  presented  the  results  of  the  leading  experiments 
to  determine  proper  coefficients  for  *  irregular"  weirs,  followed  by  a 
grouping  of  experiments  on  similar  models,  w^hether  all  by  one  experi- 
menter or  not.  The  data  are  not  always  as  complete  or  consistent  as 
could  l>e  desired,  but  the  need  for  fair  working  coefficients  is  very 
great,  and,  in  the  line  of  making  use  of  all  the  available  information, 
the  several  diagrams  of  comparison  and  the  conclusions  therefrom  are 
presented,  with  the  understanding  that  these  are  not  final,  although  it 
h  quite  certain  that  the  laws  of  coefficient  variation  are  correctly  out- 
lined by  the  data  at  present  available,  and  they  form,  therefore,  a  safe 
working  hypothesis. 

Weir  models  of  irregular  section  are  calibmted  in  order  that  exist- 
ing dams  of  similar  cross  section  may  l^e  used  for  stream  gaging.  It 
becomes  necessary  to  calibrate  the  experimental  models  for  a  wider 
range  of  heads  than  has  connnonly  been  employed  in  experiments  on 
standard  thin-edged  weirs,  in  order  that  the  range  of  rise  and  fall  of 
the  stream  from  low  water  to  high  may  l)e  included. 

While  the  recent  experimental  data  include  heads  as  great  as  from  4 
to  (y  feet,  yet  it  is  often  necessary  to  determine  the  discharge  for  still 
greater  heads,  and  experiments  on  certain  forms  with  heads  up  to  10 
or  12  feet  are  needed. 

In  this  connection  the  gn»aU*r  relative  facility  of  securing  actnimte 
results  with  weirs  for  high  than  for  low  heads  may  be  noted. 

The  proportional  error  resulting  from  variations  in  crest  level,  as 
well  as  uncertainties  as  to  the  nappe  form  and  consequent  value  of  the 
coefficient,  largely  disappear  as  the  head  increases.  The  effe(;t  of  form 
of  crest  and  friction  is  also  relatively  diminished.  It  is  probably  true 
that  the  coefficients  for  many  ordinary  forms  of  weir  section  would 
tend  tow^ard  a  conmion  coii.-Ntmt  value  if  the  head  were  indefinitely 
increased.  The  above  facts  render  milldams  (^specially  useful  for  the 
determination  of  the  maximum  discharge*  of  streams.  Dams  can  be 
used  for  this  purpose*  when  tiie  pn»sence  of  logs  and  drift  carri(»d 
down  by  the  flood  preclude  tlie  use  of  current  meters  or  other  gaging 
instruments. 
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MODIFICATIONS  OF   THE  NAPPE  FORM. 

The  iilaliorate  investigations  of  Bazin  relative  to  the  physics  of  weir 
idischarge  wet  foith  clearly  the  importance  of  taking  into  consideration 
tli(*  particuhir  form  u^s^umcd  by  tht*  nappe.  This  is  especially  true  Iti 
wpir8  uf  irregular  flection  in  which  there  is  UHually  more  oppcjrtumty 
for  change  of  form  than  for  a  thin -edged  weir.  In  general  the  rntppe 
loay— 

1.  Discharge  freely,  ttjuching  only  the  upstream  ci^st  edge, 

%   Adhere  to  top  of  crest. 

3.  Adhere  to  downstream  face  of  crewt. 

4.  Adhere  to  Ijoth  top  and  dowiLstream  face, 

5.  Remain  detathed,  l>iit  become  wetted  nnderneath. 
tS*  Adiierc  to  top,  but  remain  detachetl  from  face  and  beeoine  wett^ 

nnclenieath, 

7*  In  any  of  the  caj^o?«  whi3re  the  napi>e  in  **  wettisd  underneath^'  thfa 
tondition  may  he  replaced  by  a  depre^nwed  napix*,  having  air  imprisoned 
underneath  at  less  than  atmosplicric  prc8surc* 

The  napjM"  may  uiidergo  several  of  tha'^e  modi  ti  eat  ions  in  succejAsion 
KB  the  heati  is  varitHl.  The  suece;^siv€!  forms  that  appear  with  an 
IncreaHinuf  ntjtge  may  ditfer  from  those  pertaining  to  similar  .stages 
with  a  deerea-Hing  tiead.  The  head  at  which  the  changes  of  nappe  form 
oceur  vary  with  the  rate  of  change  of  head,  whether  increasing  or 
decreasing,  and  with  other  conditions. 

The  hiw  of  coefficients  may  be  greatly  modified  or  even  reversed 
when  a  t*hange  of  form  tjakes  place  in  the  nappe. 

The  effect  of  modifications  of  nappe  form  on  various  irregular  weir 
sections  is  shown  in  Pb  III.  The  coetfieienLn  are  those  of  Bazin  and 
include  velocity  of  approai^h.  The  coefficient  curve  for  aoy  form  of 
weir  having  a  ntable  nappe  is  a  continuous,  smooth  line.  When  the 
nappe  hccom^>s  depressed^  detached,  vv  w^ett*^d  iniderneath  during  the 
progress  of  an  experiment,  the  resulting  coefficieTjt  curve  may  couf^tist 
of  a  Hcrlc8  of  discontinuous  or  even  di scon upc ted  arcs  terminating 
abruptly  in  ''^ poinU  tParrU^''^  where  the  form  i>i  nappe  changes*  The 
modifications  of  nappe-  form  arc  usually  confined  to comjmratively  low 
heads,  tlie  nappe  sometimes  undergoing  several  sutxessive  changes  as 
the  head  increases  from  zero  until  a  staldc  condition  is  reached  beyond 
which  further  increase  of  head  produces  no  change.  The  conditioi* 
of  the  nappe  when  depressed  or  wetted  underneath  can  usually  b^ 
restored  to  that  of  free  discharge  bv  providing  adequate  aeiution. 

The  weir  sections  shown  in  PI.  Ill  arc  unusually  susceptible  of  changed 
of  nappe  form.     Among  weirs  of  irregular  section  there  is  a  large 
class  for  which,  from  the  nature  of  their  section,  the  nappe  can  assume 
only  one  form  unless  drowned.     Such  weirs,  it  is  suggested,  may,  if 
properly  calibrated,  equal  or  exceed  the  usefulness  of  the  thin-edged 


Oboenred  depth  on  weir  (feet). 
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ir  for  purposes  of  stream  gaging,  because  of  their  greater  stability 
section  and  because  the  thin-edged  weir  is  not  free  from  modiiica- 
n  of  nappe  form  for  low  heads. 

.\s  an  example,  Bazin  gives  the  following  coefficients  applying  to 
thin-edged  weir  2.46  feet  high,  with  a  head  of  0.666  foot,  under 
rious  conditions: 


Condition  of  nappe. 


BajEin  coeffi- 
cient m. 


C~mV2g 


I 
et*  discharge,  full  aeration i        0. 438 

ippe  (lepreseed,  partial  vacuum  underneath I  .  460 

.ppe    wetted    underneath,    dowr  stream    water  i 

evel,  0. 42  foot  below  crest !  .497 

.pi)e  adhering  to  downstream  face  of  weir,  res-  I 

isault  at  a  distance I  .  554 


3.47 
3.69 

3.99 

4.45 


Per  cent  of 
the  FranciH 
coefficient. 


104.1 
110.7 

119.7 

133.5 


These  coefficients  include  velocity  of  approach  effect,  which  tends 
magnify  their  differences  somewhat.  There  is,  however,  a  range 
25  per  cent  variation  in  discharge  between  the  extremes." 
The  departure  in  the  weir  coefficient  from  that  applying  to  a  thin- 
ged  weir,  for  most  forms  of  weirs  of  irregular  section,  results  from 
me  permanent  modification  of  the  nappe  form.  Weirs  with  sloping 
►stream  faces  reduce  the  crest  contraction,  broad-crested  weirs  cause 
herence  of  the  nappe  to  the  crest,  aprons  cause  permanent  adherence 
the  nappe  to  the  downstream  face. 


EXPERIMENTAL  DATA  FOR  WEIRS  OF  IRREGULAR  CROSS 

SECTION. 

The  only  experiments  on  irregular  or  broad-crested  weirs  in  which 
e  discharge  has  been  determined  volumetrically  are  those  of  Black- 
ell  on  weirs  3  feet  l)road,  of  Francis  on  the  Merriniac  dam,  and  of 
le  United  States  Geological  Survey  for  lower  heads,  on  various  forms 
'  section.  So  far  as  the  writer  is  aware,  all  other  such  experiments 
ive  been  made  by  comparison  with  standard  weirs. 
In  the  following  pages  are  included  the  results  of  the  experiments 
f  Bazin  on  29  forms  of  cross  section;  also  those  of  the  United  States 
>eep  Waterways  Board  under  the  direx-.tlonof  George  W.  Rafter,  and 
lose  of  John  R.  Freeman  at  Cornell  University  hydraulic  laboratory, 
he  results  of  20  series  of  experiments,  chiefly  on  weirs  with  broad  and 
?ee  crest  sections,  made  under  the  writer's  direction  at  Cornell  Uni- 
Brsity  hydraulic  laboratory,  are  here  for  the  first  time  published. 

■Bazin's  general  discussion  of  the  ayx>ve  hihI  other  modifications  <»f  the  coefficient  has  bcvn  trans- 
«d  by  the  writer,  and  may  be  found  in  Rafter's  paper.  On  the  flow  of  water  over  dams:  Trans, 
a.  8oc.  C.  E.,  vol.  44,  pp.  254-261. 
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As  it  has  been  necessary  to  reduce  the  experimental  data  to  a  uni- 
form basis  for  purposes  of  comparison  the  original  data,  together  with 
the  results  obtained  by  recalculation,  have  been  included  for  the  Bazin, 
United  States  De^p  Waterwa\^s,  and  Freeman  experiments. 

BASE   FORMULA    FOR   DISCHARGE   OVER   WEIRS  OF  IRREGULAR  CROSS 

SECTION. 

Pre<»edent  to  the  opening  of  the  hydraulic  laboratory  of  Cornell 
Univei'sity  the  most  elaborate  exi)eriments  on  weirs  of  irregular  cross 
section  were  those  of  Hazin.  His  experiments  were  all  reduced  in 
such  manner  as  to  include  the  velocity  of  approach  correction  in  the 
discharge  coefficient. 

In  America  the  formula  most  commonly  used  is  that  adopted  bj 
James  B.  Francis,  in  which  velocity  of  approach  is  eliminated  from 
the  coefficient  by  correcting  the  head,  thus  reducing  the  conditions  as 
nearly  as  possible  to  the  basis  of  no  velocity  of  approach  before  apply- 
ing the  formula. 

In  order  to  render  Bazin's  results  comparable  with  the  later  experi- 
ments, it  has  been  necessary  to  adopt  a  standard  or  base  formula  to 
which  all  the  experiments  should  be  reduced.  The  considerations  lead- 
ing to  the  adoption  of  the  fornuila  of  Francis  here  used  are  given 
below. 

In  the  process  of  gaging  streams  at  dams  the  head  is  usually 
measured  in  compartitively  still  water  in  an  open  pond.  This  condi- 
tion could  not  })e  duplicated  in  the  Cornell  experiments.  As  the 
fornuihi  of  James  B.  Francis  is  most  simple  in  form  for  the  case  of  a 
weir  with  no  velocity  of  approach,  and  as  it  is  often  convenient  to 
compare  the  discliarge  over  a  dam  with  that  for  a  thin-edged  weir  of 
standard  form,  a  weir  formula  of  the  hase  form  used  by  Francis  ha*'^ 
been  adopti^l  in  reducing  the  exp<'riments.      In  this  formula, 

/^—Length  of  crest  corrected  for  end  contractions,  if  any. 

//=Hea(l  on  w(»ir  crest  corrected  for  velocity  of  approach  hy 
tiie  Francis  correction  foi-niuhi  or  an  equivalent  method. 

('=  A  coefiicient  determined  from  experiments  on  a  model  dam. 
In  tliis  conn(»ction  it  may  he  remarked  that  tlie  formula  of  Bazin 
includes  the  coi'rection  for  velocity  of  appi'oach  in  the  weir  coefficient; 
hence  the  coefficient  for  a  given  weir  is  comparable  only  with  that  for 
another  weir  under  the  same  head  when  the  velocity  of  approach  is 
the  same  in  both  cases.  Bazin's  formula  also  expr(\sses  the  velocity  of 
approach  implicitly  by  nutans  of  the  depth  and  breadth  of  the  leading 
channel.  In  actual  gagings  the  leading  channel  is  often  of  irregular 
foT'm,  hence  it  becomes  necessary  to  eliminate  the  depth  and  breadth 
of  the  channel  from  the  formula. 
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There  is  considerable  variation  in  the  magnitude  of  the  correction 
for  velocity  of  approach  used  by  different  experimenters.  As  a  rule, 
the  velocity  of  approach  is  negligible  at  gaging  stations  at  dams.  It 
became  necessary,  therefore,  in  reducing  these  experiments  to  deter- 
mine from  the  measured  discharge  and  observed  head  what  the  head 
would  have  been  had  the  same  discharge  taken  place  over  a  weir 
in  a  still  pond.  To  accomplish  this  the  formula  for  correction  for 
velocity  of  approach  adopted  by  James  B.  Francis  has  been  used. 
This  being  the  case,  it  is  to  be  noted  that  in  applying  the  coefficients, 
which,  as  given,  have  been  reduced  as  nearly  as  possible  to  the  basis 
of  no  velocity  of  approach,  the  same  method  of  velocity  correction 
must  be  used,  and  if  it  is  used  no  error  will  result  where  the  actual 
velocity  of  approach  is  nearly  the  same  as  that  which  occurred  in  the 
experiments. 

bazin's  experiments  on  weirs  of  irreouij^r  cross  section. 

These  include  a  wide  variety  of  forms,  many  of  which  will  seldom 
be  found  in  America,  and  the  use  of  which  for  purposes  of  gaging 
would  be  ill  advised. 

The  'Small  size  of  the  models  used,  high  velocity  of  approach,  and 
narrow  range  of  heads  covered,  limit  the  application  of  these  results. 
No  effort  has  been  made  to  present  all  the  results  in  this  paper.''  Cer- 
tain series,  useful  for  comparison,  have  l)een  recomputed  as  described 
below,  and  by  grouping  similar  sections  we  may  determine  the  gen- 
eral effect  of  various  slope  and  crest  modifications. 

BAZIN's   correction    Fi)R   VELOCITY   OF   APPROACH. 

The  base  formula  for  weir  discharge  adopted  by  Bazin  and  the 
method  of  taking  into  account  the  velocity  of  approach  are  described 
in  connection  with  his  experiments  on  thin- edged  weirs  (p.  81). 

The  following  discussion  shows  the  complex  character  of  the  Bazin 
coefficients,  and  the  fact  that  they  do  not  express  directly  the  relative 
disi^harging  capacity  of  weirs  of  irregular  section. 

The  effect  of  velocitv  of  approach  is  to  increase  the  discharge  at  a 
given  observed  head,  />,  over  what  it  would  be  if  the  same  head  were 
measured  in  still  water,  as  in  a  deep,  broad  pond. 

Bazin's  coefficients  in  the  form  published  are  not  readily  applicable 
in  practice  to  weirs  of  otlier  heights,  or  to  weirs  in  ponds,  or  otherwise 
to  any  but  weirs  in  restricted  channels  of  the  depth  and  width  of  the 
weir. 


a  For  complete  original  duta.  nee  Buzin,  as  translated  by  Marichal  and  Trautwine  in  Proo.  Engineers 
Club  PhlU.,  vol.  7,  pp.  259-310;  vol.  9.  pp.  231-244,  2H7-319:  vol.  10,  pp.  121-ltM;  nl.Hcj  numeroim  experi- 
mentM  reduced  U>  English  units  by  Rafter  and  others,  Trans.  Am.  Soc.  C.  £.,  vol.  44,  pp.  220-398. 
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The  Bazin  coefficients  aw  published  inay  be  c^nsidei'ed  aa  compris- 
tfng  two  pri nciijal  facto i-k*     M  l>eiri|?  the  Ba^in  coefficient ,  we  luaj  write 

I  /'^^veloeity  of  approach  effect* 

I  C*— contraction  etfecL 

Baztn  uHcs  a  correction  formula  for  velocity  of  approach^  derired 
^rom  thfi  expreBsion 


k 


II=D^\M  ~  or  Z?+arA. 


Consider  a  standard  weir  and  experimental  weir  both  of  the  same 
height,  hut  of  different  form,  the  measured  deptli  being  the  same,  arid 
the  Bazin  coetEcients  beingf  M  and  w,  the  velocity  of  approach  and 
«dij*char^eFand  ?♦  and  Q  and  </*  respectively,  and  C  and  (.\  the  coeffi- 
•eientA  in  a  formula  in  which  the  velot^ity  of  approat^h  correction  is 
eltininuted  from  the  coefficient  and  applied  to  the  head;  then  thedji- 
charge  for  the  standard  weir  would  be, 

lining  the  Bazin  coefficient-s, 

g=JHLD  V  %^= Jf' />i, 

where  Jf—Ms  %g  and  Z=^l-0; 
tiding  the  coefficient  i  \ 

taking  rootB 


Bazin  doe>4  not  give  the  quantitlen  of  flow  in  the  tahleji  of  resultii*>' 
hU  cxperinn^nts,  hence  to  determine  A  it  h  necessary  to  calculate  (i 
f!,  and  k  from  the  known  values  M  and  />and  from  /',  the  height  of 
weir* 

D  being  the  same  for  both  the  standard  and  the  experimental  weirs^ 
we  have  for  the  experimental  weir 


I 


(0 


! 


D 


C,  beinjr  the  coefficient  for  the  experimental  weir,  and  A,  the  velocity 
head. 
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Hence,  bv  multiplication, 


and 


or 


\MJ  -\  Vj    ^  D-\-aP 


m_C\     rD±ah^ 

The  velocity  of  approach  for  a  given  depth  on  a  weir  is  proportional 
to  C,  hence,  since  A  is  proportional  to  ?•*,  we  have 

:■=(?■): 

Hence, 


M 


6;/i>+(g)LAV  .....  (57) 

\       D+ah      J 


m 


The  ratio  j^  used  by  Bazin  is  not,  therefore,  precisely  a  measure  of 

the  relative  discharging  capacities  of  the  two  weirs  under  similar  con- 
ditions of  head  and  velocity  of  approach,  for  the  reason  that  the 
velocity  of  approach  will  not  be  the  same  for  both  weirs  if  the  Bazin 
coeflScients  are  different.  The  ratio  ml  Mis  made  up  of  two  factors, 
one  of  which,  C\:  (7,  expresses  the  absolute  relative  di.scharging  capaci- 
ties of  the  two  weirs  under  similar  conditions  of  head  and  velocity  of 
approach,  and  the  other  expresses  the  effect  of  the  change  in  discharg- 
ing capacity  on  the  velocity  of  approach  for  a  given  depth  on  a  weir 
of  given  height. 

Thus  the  coefficient  Jftor  any  woii*  has,  ])y  Bazin's  method  of  reduc- 
tion, different  values  for  every  depth  and  for  every  height  of  weir 
tbat  may  occur. 

For  reasons  elsewhere  stjited  it  is  preferred  to  express  by   ■  -  only 

the  relative  discharging  capacities  of  the  weirs  where  the  vi^locity  of 
approach  is  the  same  in  both.  It  is  then  practically  a  measure  of  the 
vertical  contraction  of  the  nappe,  and  is  constant  for  a  given  head  for 
any  height  of  weir,  and  may  be  sensibly  constant  for  various  depths 
on  the  weir. 


i 
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f 


In  reporting  the  results  of  his  exijcri meats  on  wi^irs  of  irregular 
section,  Bazin  ^ivcw;  th«  observed  honds  on  the  Mtamliird  weir  of  corn- 
pa  riaon,  the  absohite  i'tH*ffit'ieiit  *ft  ripplyiug'  for  riich  depth  on  the 
i^xiKirtiuental  wpir  and  the  ratio  tft  Mof  the  expt^riiucntal  and  ^t&ndaitl 
weir  coefficient:*. 

The  results  give  eoefficients  which  8ti"ietly  apply  only  to  weirs  baring 
both  the  same  form  of  se(*tioii  iiud  the  same  heights  as  those  of  I^stziiL 
Although  weirs  of  MHimtal form  geometrit^lly  similar  to  Bazin'^ar^ 
Oammon^  yet  few  actual  weirs  have  the  same  height  a^s  bis.  Theit 
appear  U)  1k^  two  elements  whieh  may  render  tnaeeurate  the  applim^ 
tiou  of  Bazin'sabe«olute  coefficients  to  weirs  of  varying  height;  (1)  The 
difference  in  velocity  of  approach;  (2)  the  difference  in  contraction  of 
the  nappe  for  a  higher  or  lowor  vvi^ir, 

111  order  to  render  the  result.^  of  liazin's  experiments  com  para  bk" 
one  will  I  another  and  with  later  experiments,  a  number  of  series  have 
bee  IT  reeomputed,  the  velocity  of  approach  i>eing  treated  in  the  sanic 
matmer  as  in  the  computation  of  experiments  at  Cornell  hydraulic 
laboratory. 

The  method  is  outlined  i>eIow,  the  referent^es  txdng  to  the  tables  of 
Bazin's  experiments  given  on  pages  68  to  HI, 

Colimiii  2  gives  the  oimer^ed  head  reduced  to  feet  for  the  experi- 
mental \V{']l\ 

Col u u m  4  the  a bs o  1  u te  coe lb e ie n t  (.\  —  m  V^!7- 

(These  have  Iwen  reduced  from  BazinV  original  tables.) 

Column  h  given  the  discharge  per  foot  of  cre^tover  the  CKpiarjmeaial 
weir  calculated  by  the  formula 

quantities  in  column  3  being  Uiken  directly  from  a  table  of  three-halves 
powei*s. 

In  column  t>  the  actual  velocity  of  approach,  v=^  />X D'^  ^®  giveo^ 

and  in  column  7  the  velocity  head,  A  =  t>  . 

The  discharg3  ov^er  the  .standard  weir  was  calculated  by  Bazin  b^ 
using  his  own  formula  and  velocity  of  approach  correction.  He  doe^ 
not  give  the  discharge,  however,  and  we  have  been  obliged  to  worl^ 
back  and  obtain  it  from  the  data  given  for  the  experimental  weir. 

Having  determined  the  actual  discharge  and  the  observed  head,  w© 
are  now  at  liberty  to  assume  such  a  law  of  velocity  of  approach  cor- 
rection in  deducing  our  new  coefficients  as  we  choose.  We  will  there- 
fore deduce  the  coefficients  in  such  form  that  when  applied  to  a  weir 
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Velocity-of-approach  correction  by  the  Francis  method. 
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which  there  is  velocity  of  approach  we  may  apply  the  correction 
•mula  of  Francis, 


//=r(i)+A)*-A*Ji 


tL  sufficient  approximation  to  this  formula  for  our  present  purposes 
ly  be  oV)tained  if  we  simply  make 

lere  v  is  the  velocity  of  approach  corresponding  to  the  trial  dis- 
irg'e  for  the  head  />,  no  successive  approximations  being  made,  as 
uld  be  necessary  to  determine  the  true  head  ^by  the  Francis  cor- 
:tion  formula. 
I'ar  example,  in  an  extreme  ca.se,  using  a  thin -edged  weir 

IJ=1.0,     P=1.0,     V  (approx.)^^=-%-=1.665 

«  jj 

7^:^^  =  0.0431     whence     //=/>+ 15- =1.0431, 

1   ^  =  3.547. 

iy  the  Francis  correction  formula  we  find,  using  three  successive 

>roximations, 

$1  =  3.5183  giving  t;=1.7591 

^,=3.5387  giving  ^=1.7694 

$5=3.541  as  the  final  discharge, 

^.t  the  difference  is  0.11  of  1  per  cent.     We  are  therefore  justified 
using  this  method  to  determine  values  of  C  to  two  places  decimals, 

f  to  within  one-fourth  to  one-half  per  cent. 
We  have  also  used  ^j2g=S,02,  as  in  the  reduction  of  the  Cornell 

^periments. 
Column  8  gives  the  corrected  head, 

Column  10  gives  the  final  coefficient  ^'deduced  by  the  formula 

^  3* 

"1^-  IV  to  Xll  show  the  resulting  discharge  coefficients. 
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Crest  length,  6. 65  feet. 
Crest  height,  2.46  feet. 
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Bazin*8  experimenta  <m  toeira  of  irregular  mc^i— Cpntinaed. 


Bazln's  Scries,  No.  118. 
Crest  height,  2.468  feet. 
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experi- 
mental 
weir  A 
In  feet. 

/>i 

c, 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

per 
second. 
__  „ 

r 

// 

Hi 

c 

1 

i 

S 

t_ 

6 

7 

8~ 

9 

10 

1 

0.208 
.289 

0.0948 
.ISM 

2.64 
2.66 

0.2S03 
.4134 

0.208 
.289 

0.09484 
.  1562 

2.63 
2.65 

:i 

.363 

.2187 

2.66 

.5817 

0.206 

0.0007 

.3637 

.2196 

2.65 

4 

.443 

.2949 

2.65 

.7815 

.269 

.0011 

.4441 

.296 

2.  W 

iS 

.518 

.3728 

2.66 

.9916 

.332 

.0017 

.5197 

.375 

2.64 

6 

.592 

.4555 

2.64 

1.2025 

.392 

.0024 

.5944 

.  4578 

2.63 

7 

.667 

.l>M7 

2.71 

1.4761 

.472 

.OOM 

.6704 

.549 

2.69 

8 

.736     .6314 

2.75 

1.7364 

.542 

.0045 

.7405 

.6377 

2. 72 

9 

.805 

.7223 

2.78 

2.0080 

.612 

.0058 

.8108 

.7303 

2.75 

10 

.863 

.8017 

2.80 

2. 24 11 

.672 

.0070 

.8700 

.8115 

2.77 

n 

.9Ci6     .9056 

2.85 

2.5810 

.758 

.0090 

.9450 

.91866 

2.81 

12 

.989!  .9835 

2.88 

2.8325 

.821 

.0106 

.9996 

.9925 

2.84 

13 

1.065  1.0530 

2.91 

3'.0&11 

.872 

.0118 

1.0468 

1.068 

2.86 

14 

1.076   1.1162 

2.94 

3.2816 

.925 

.0132 

1.0892 

1.13M 

2.88 

15 

1.114   1.1758 

2.95 

3.4686 

.968 

.0143 

1.1283 

1.1980 

2.88 

16 

1.159   1.2478 

3.00 

3.7434 

1.032 

.0165 

1.1756 

1.274 

2.93 

17 

1.197   1.3096 

3.01 

3.9419 

1.075 

.0179 

1.2149 

1.339 

2.94 

18 

1.252 

1.4009 

3.06 

4.2868 

1.164 

.0206 

1.2726 

1.436 

2.98 

19 

1.320 

1.5166 

3.11 

4.7166 

1.246 

.0243 

1.3443 

1.558 

3.03 

Bazin'K  Series,  No.  114. 
Crext  height,  2.46  fti't 


Vtom  vert  Ion. 


i    I 

3 

I        4 


7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 


0.204 
.280 
.:»2 
.433 
.504 
.578 
.657 

.7:v> 

.810 
.882 
.958 
1.034 
1.112 
1.171 
1.243 
1.301 
1.S84 


0.0921 


.1482  I 

.2089  ! 

I  .2*497  . 

'  .3578  I 

I  .4394  , 

I  .5:i25  ' 

.6302 
:  .7290 

j  .828;^  I 

I".  9377  I 
1.0511 
1. 1727 

2672  I 
,1.3858 

I.  1831*  ' 

11.6282  . 


2.47 
2..>4 
2. 59 
2.  ♦K) 
2. 59 
2.60 
2.  r.2 
2.  (i3 
2. 6:^ 
2.  6.') 
2. 6<> 
2.6M 
2.69 
2.  70 
2.73 
2.  7.i 
2.  76 


0.2275 
.3764  ' 
.5411 
.7409 
.9267  i 
1.1424  I 
1.3y.V2  I 
I.TmII  I 
1.9173  I 

2.  VX^) 
2.4913 
2.8178 

3.  irv46 
3.4214 

3.  78:J2 

4.  0510 
4.4WW  I 


0.  O.T«) 

.137 
.  193 
.  25<; 
.313 
.  376 
.  446 

.587 
.  r>.'>5 
.728 
.806 
.883 
.941 
1.021 
1.07S 
1.168 


0. 00(X» 
.0011 
.0015 
.  0022 
.0031 
.0012 

.oaM 

.IXH'»8 
.0(K3 
.0102 
.0120 
.0137 
.0161 
.0181 
.  0213 


0.204 

.280 

.  3526 

.4311 

.  5055 

.5802 

.6601 

.  7392 

.  8151 

..S888 

.966:^ 

1.0442 

1. 1240 

1.1847 

1.2591 

1.3191 

1.4053 


0. 0921 
'  .1482 

.2097 
j  .2860 
'  .3594 

.4417 

I  .6;i53 
.7:i.%8 
.8381 
:  .9494 
'1.0667 
|l.l917 
jl.2899 
!l.4127 
|l.5149 
1.66.>4 


1     - 
2. 

!     2. 

;  2. 


7U  WKIK    KXT»ElilMKNl*8,  COEFFIOIKNTS,   AND    roBMOW^. 


BiLXln*ftB«n<»,Xa,  115. 
Ctwt  h«%ht,  2M  feet. 
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S 
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a,  54 

f 
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in 

10 

.m 
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2.«Q 
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.m 
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.am 

%m 

tl 

.iMM 
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2.fl» 
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.wm* 

.fK^ 
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%m 

12 
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l.aS47 

StOJ 

2.7{l0fi 

♦  775 

.OMS 
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LCW»1 

%hi 

\Z 

l.Oi? 

i.iigu 

2.^8 

3.021* 

.M» 

.0113 

Lum 

Ll«7» 

'Lm 

u 

1-17* 

ta7wt 

2.<H 

».*765 

.»« 

,onw 

t.l«U 

i.aw 

%m 

u 

t.9» 

L.ai4 

a.<ia 

3,7482 

i.m 

.016? 

i.tw 

L44U 

itt, 

It 

v,m 

i.6!ta« 

tLtiW 

4.  IIW 

i.(i«^ 

.OlSl 

LS4« 

t.5fS5l 

^n 

1^ 

U388 

1.C363 

2.(W 

4,a!»TO 

LTW 

.Oi02 

].40» 

1,CT€7 

!L(fl   1 

ta 

lA'U 

i.fia^ 

^.7U 

4..W11 

i.is 

,me^ 

l.HA 

i.Tssa 

IW 

ly 

1.4(17 

1.776fi 

a.  70 

4,7^ 

l.'iS 

.aM7 

L4B2 

1.822&; 

in 

Bazin'8  Series,  No.  116. 
Crest  height,  2.46  feet. 


OrcHis  wptJon, 


1 
2 

4 

5 

7 
0 
9 
10 
11 
12 
IS 
M 
15 
11 
17 
1« 


0.177 

.aa5 

.2W 
.367 
.m 
,»04 

.(m 

.7l« 
,7»1 
.ft4» 

-wn 

LOftft 
Ll^ 
Ll^ 
1.1151 

1.817 


.ifiii 

.2224 
.2870 
.357» 
.3S85 
.510^ 
.«02l 

.eoo2 

.97?! 

i.is5a 

J.2S995 
l,IlWi 
1.5111 


2.71 

O.'JOIU 

1 
0,07ft 

2.^ 

.JKSSta 

AVI 

ZW> 

.4*78 

Am 

2.92 

.UU 

.22» 

2,95 

,%m 

,2ri 

2.9« 

\,imi 

.360 

2.99 

1.177* 

.392 

8.01 

1.5375 

.Iff? 

3.00 

1.8069 

.5ff9 

3.00 

2.0706 

.540 

3.02 

U,3fl--» 

.713 

3,02 

a.661« 

.-as 

3.(16 

■J.Sft^ 

.^M 

J$,Ott 

a.»06S 

.^2 

».0i 

3I.15SW7 

1.019 

a.  09 

B.^W»» 

1.092 

a.  10 

.La375 

].1£9 

113 

4.7156 

1,250 

0,QO0ft 
,0013 
.0000 
.0024 
.00S9 
,0061 
.0001 
.007S 

,imi 

.0116 
.0137 
.0162 
.Otitt 
.021^ 
.024S 


0.177 

0.074*  I 

.isifi 

.lUW 

.29« 

.1611 

.a97« 

.2232 

.43aS 

.2879 

.5000 

.8609 

.SSM 

.3967 

.642» 

.6156 

.71^1 

.6064 

.7M74 

.S9B2 

(    .*W 

.Tsaa 

.9-207 

.«a2» 

.9975 

.9968 

1.06«7 

1.1021 

\  1. 1302 

1.2108 

,  1.20SS 

i.mm 

I  1.27^ 

1.4»4fi 

1,941S 

L5629 

%1\ 

2,tiO 
2.91 
2.<»l 
%U 
2.9^ 
2.9f( 
2.97 
2.96 

2.se 

2.97 
100 
t.00 
3.  IB 
3,03 
3.1X1 
S.04 
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Bazin^s  experiments  on  weirs  of  irreguLar  section — Continued. 


Bazln'8  Series,  No.  117. 
Crest  height.  2.46  feet. 


Crow  HKitoiL 


PerltKl. 

In  feet 

/it 

q 

jwr  fool, 
expert - 
menUl 
weir,  in 
cyMc  feet 

ptT 

r 

1* 

/f 

if* 

V 

t 

♦ 

ft 

• 

1 

H 

f 

» 

I 

0.  J^i  O^CUKKi 

^1* 

O.UTU 

0.043 

0L15H 

O.OtiSS 

2.1tt 

:£ 

.^     .09212 

%U 

.siiti 

,Oftl 

.2CM 

.UU21 

2.e4 

» 

,2»0     .l-SM 

2.W 

.3994 

.145 

.3ft* 

Am 

2.Jfi 

4 

.Ml     .'2l«dl 

2.rtli 

,M3fi 

.1«2| 

0.0006 

.M15 

.237* 

2,3fi 

h 

.4^6  '  .27S0H 

xra 

,1^1 

.m 

.0011 

.4271 

.2^1 

2.73 

t 

.Ift4 

,54724 

2,77 

.%]g 

.321 

.0015 

.41Jfi*l 

.349S 

■^-^^ 

7 

mi 

.  A'lXU 

2,83 

1.1924 

,395 

.Doar> 

,M.I5 

.4247 

2.*i 

a 

,^^ 

.SOfiO 

2.^ 

l,42iV7 

.461 

.ooaa 

.»3«3 

jum 

2.  Ml} 

u 

.7W 

.W&7S 

2.8<1 

1.7tM9 

.GR» 

.0045 

.71*Jfi 

.^KJQXi 

2.rta 

to 

.771 

.67702 

%m 

1.95fiG 

.005 

.006^ 

.n<» 

.«M9 

2.Nii 

u 

m     -TBIfiS 

2.91 

2:.2IS6 

.«74 

.OCTrO 

.tmo 

.7713 

2,87 

15! 

.^i 

.«l709a 

2.9S 

2..'>«19 

.758 

.QOW 

.«210 

.m& 

2./^ 

13 

.«eo 

,9KB^2 

3.9.1 

'i.9ai4 

,ftll 

.0110 

1.0000 

LOOOO 

2.90 

14 

1.0N 

1.0675 

2.95 

a.a37fi 

.919 

.Oi»2 
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1.1177 

2.90 

15 

1.129 

1.19M 

2.9f) 

3.538S 

.987 

,0J^ 

1.1442 

1.2236 

t.m 

le 

1.  wt 

l.D9ft 

2.fi^ 

a.n«t95 

i.oai 

.0J7B 

l.iH5 

1.S393 

2.90 

17 

L267    1.4202 

2.IM 

4.!2nOI 

1. 139 

.CF'IOQ 

\.wn 

i.-iisui 

2.91 

I* 

L8»   l.M4'J 

2.99 

4.  <il72 

1.214 

.oaan 

I.SfjHfl 

1.5ft42 

2,91 

Bazin 
Crest  1 

8  Series,  No.  136. 
ength,  6.619  feet, 
height,  2.46  feet. 

1 

fcs 

Cn^sit 

Crosii  » 

ectlon. 
0.0783 

1 

0.183 

0.0783 

3.90 

0.305 

0.12 

0.0002 

0. 1832 

3.90 

2 

.244 

.1206 

3.86 

.467 

.17 

.0004 

.2444 

.1206 

3.87 

3 

.304 

.1676 

3.86, 

.647 

.23 

.0008 

.3(M8 

.1684 

3.84 

4 

.364 

.  2196 

3.86 

.iM9 

.30 

.0014 

.3654 

.2206 

3.85 

5 

.424 

.2761 

3.88 

1.071 

.37 

.0021 

.4261 

.2781 

3.85 

6 

.48-t 

.3367 

3.87 

1.304 

.44 
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3.W 

7 

.542 

.3990 

3.88 

1.548 

.  52 

.0042 
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3.84 

8 
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.4613 

3.89 

1.793 

.59 

.OOW 

.6024 

.4671 

3.M 

9 

.658 

.5338 

3.91 

2.088 

.('•7 

.0070 

.6650 

.54'23 

3.85 

10 

.713 

.  im\ 
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2.360 
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11 
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.K\ 
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3.84 
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.91 
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3.86 
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15 
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16 
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4.00  1 
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.  0243 
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1.1411 

3.87 

17 

1.122 
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3.99 

4.748 
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1.1495 

1.2316 

3.86 

18 

1.179 

1.2802 
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5.13:^  ' 

1.41 
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1.2099 

1.8310 

3.86 

19 

1.244 

1.3875 

4.01 

5.564 

1.60 
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1.2790 

1.4446 

3.86 

20 

1.299 

1.4805 

4.01 

5.935 

1.58 

.0388 

1.3378 

1.5477 

3.84 

21 

1.361 

1 .  .'VSTS 

1.03 

6.  108 

1.68 

.0439 

1.4049 

1.6654 

3.86 
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Bazitt's  Series,  No.  138. 
Crest  length,  6.532  feet. 
Crest  height,  1.64  feet. 


CroM  aectlon. 


1 
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2 

.263 
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.391 
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.447 
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.510 

7 

.571 

8 
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3.72 

3.036 

1.21 

.0228 

.8958 

.8481 

3.58 

.8926 

3.?2 

3.318 

1.29 

.0259 

.9529 

.9303 

8.66 

.9880 

3.76 

3.715 

1.41 

.0309 

1.0229 

1.0347 

3.59 

1.0683 

3.80 

4.060 

1.51 

.0354 

1.0804 

1.1224 

8.62 

1.1695 

3.78 

4.422 

1.61 

.0403 

1.1503 

1.2382 

8.58 

1.2753 

3.79 

4.851 

1.72 

.04(i0 

1. 2220 

1.3608 

8.69 

1.3691 

3.81 

5.220 

1.82 

.0515 

1.2W6 

1.4650 

8.69 

1.4645 

3.82 

5.577 

1.90 

.a'i^il 

l.ii451 

1.6599 

8.68 

1.5773 

3.82 

6.036 

2.01 

.0628 

1.4178 

1.6886 

8.67 

1.7082 

3.83 

6.542 

2.13 

.0705 

1.4995 

1.8862 

8.66 
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BazhCs  experimenls  on  weirs  of  irregular  section — Continued. 


Basin 
Crest 

'8  Series.  No.  145. 
length.  6.541  feet 
height,  1.64  feet. 

- 

^^ 

^^)9»i^ 

Crest 

GroOTMcaon. 

iviiiMi. 

Otk^enred 

hf*d, 

tf:lp«ri- 

weir  A 
In  leak 

0i 

\ 

Q,  Hot 

pc^rioqt, 
experi^ 

ctiblcfaet 

f? 

1 

H 

Hi 

C 

~\ 

t 

i 

4 

5 

~i~ 

7 

~»  " 

—         _ 

1« 

I 

D.a6i 

0.2X51 

%.m 

(K6f9 

0.82 

a  0016 

o.aaM 

oiajei 

2.90 

2 

.424 

.2761 

ft.  ID 

.856 

.4^ 

.0Dc£7 

A2a 

.2790 

3.07 

3 

.479 

.m!} 

3.38 

LOGO 

.50 

.0039 

.4HUI 

ma 

3.16 

i 

.547 

.4CH6 

3.26 

LSle 

,60 

,0066 

.5&I6 

.4112 

3.W 

A 

.^m 

,4636 

3.35 

1.553 

,69 

.0071 

.5094 

.4686 

3.33 

« 

.63a 

.!M*3H 

S.3H 

1.805 

.78 

■00^ 

.6075 

.6447 

3.31 

7 

.720 

.6100 

a.  42 

2.090 

.89 

.0123 

.7323 

.6^263 

3.^ 

1        « 

,Wl 

,6i90a 

a  47 

2.3SH 

.^ 

,01A2 

.7962 

.7102 

3,37 

1        « 

.as5 

h763] 

a.  49 

2.fifi.1 

1.07 

.D17S4 

.H52S 

.7878 

3.38    1 

10 

,Wi 

.^7 

3.5a 

M.02fi 

1.19 

.OlliSO 

.7i« 

.8882 

3.4t 

11 

.V<I2 

.9435 

S.53 

3.^2 

1.28 

.025?T 

.9875 

.9606 

3.40 

12 

l.(W2 

l.f>l>i4 

3,5a 

3.707 

1.39 

.0300 

1.0G3D 

1.0944 

3.39 

13 

1.0B7 

1.1333 

3.58 

4.045 

1.4M 

.OMl 

L1211 

1.18^ 

3,41 

14 

Lt.^ 

himi 

s.m 

4.40a 

1.56 

.0888 

1.1906 

1.2997 

3.3& 

lA 

L2ID 

i.iiaio 

a  61 

4.W1 

1.6^ 

,04^ 

1,2.^ 

1.401:^ 

3.42 

1      '® 

L3?4 

1.4380 

a  01 

5. 198 

1.78 

.04!® 

1.3233 

l..5iH 

3.42 

17 

I,»1 

t.MOS 

3.62 

5.575 

1.S8 

.0549 

1,38^ 

1.6370 

3.40 

1    n 

I.SM 

L«t4M 

164 

6.006 

1.06 

,0tiO9 

i.ifm 

U7,V*6 

3.42 

!  " 

L«r7 

1.7766 

3.64 

6.470 

2.09 

,0679 

t,5349 

1.8016 

a  41 

Razin 

8  Series.  > 

ro.  141. 

-J| 

te?^ 

('rc«t  1 

ength,  6.5 
height,  2.4 

20  feet. 
6  feet. 

^^^ 

SS*!**.^ 

f'TCHt 

- 

0.215 

0.0997 

CniMw 

wtJan. 

V 

a,iu 

0.»01 

...1 

D.0002 

0.2152 

0.0997 

3,02 

,    '^ 

.281 

.149(1 

3.09 

.460 

.17 

.OOM 

,2814 

.1490 

.^.09 

:     3 

.355 

.  211(» 

:^.(r7 

.650 

.2i 

OtKHJ 

.m^ 

.'2124 

3.06 

4 

.425 

.277) 

ti  IM 

.^2 

.'29 

O0J3 

.43S! 

.2781 

3,02 

1       ^ 

.4m 

.342(» 

U   <»H 

\jm 

:a 

.0021 

itn 

.^141 

3.06 

« 

.561 

.  4201* 

;ia«t 

i/JM 

,i-i 

.0029 

,hm 

.4235 

3.06 

7 

.624 

.  492<> 

:m7 

l.^dil 

.M 

,0040 

.e-jHo 

.4tf76 

3,14 

8 

.m 

.6757 

ill 

\.7n 

.^tT 

AW^l 

-f!|»71 

.,V^ 

3.06 

9 

.758 

.660(J 

li.  1- 

^  u^ 

.(M 

.0064 

.7644 

.6678 

3.  OS 

1      *^ 

.822 

.745'J 

a.  ir- 

•i.:u7 

Tl 

.0081 

.8301 

.7562 

3.10 

.888 

.836^ 

3,17 

±  tm 

,711 

.om 

,«ff7 

.8509 

3.U 

12 

.956 

.9347 

;.!  lii 

^,9Ha 

.HI 

0118 

.9fi7H 

.9523 

3.13 

13 

1.029 

1.04:iv 

M  17 

:k309 

.ys 

.  0140 

1.0l:U] 

i-oe."^ 

3.12 

1      1-1 

1.113 

1.174'J 

A.  -Jti 

3,  7fV7 

L.IU 

.01116 

1.1206 

1.2012 

3.13 

15 

1.16^ 

l.'2.'>7f. 

;!,  ::i 

1  iM.> 

L12 

.Ul*"i 

I.IN5 

u-jmi 

3,14 

i     ir. 

1.237 

1.375.S 

;i,aj 

I  4ia 

1    tl+ 

JKM) 

rasoo 

1.4127 

3.13 

1      1' 

1.29K 

1.478^ 

;t//^ 

■I  tn; 

l.i!7 

.O-r*! 

1.323T 

l..VJl« 

3.13 

IS 

1.369 

1.601S 

a,  >j 

7\  LI.* 

1.r(4 

,tPiT9 

1.3^169 

1.6511 

3.12 

1  »« 

1.431 

1.711h 

^  li 

iy.Ml) 

1.4; 

.0:ti:4 

r  m2» 

1.  itVi 

a.  13 

1      20 

1.463 

1.709(^ 

X'^^ 

^■^►.75^ 

1.47 

.0331^ 

l.49<Hi 

l.rW7 

^ 

3.14 

IBR  160—06 7 
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WKIK    EXVKKHIKHTB,   CfJEFKlCIKNTS,   ANI>    FORMULASy 


Bazirt*)*  e:tpeHmentft  on  itvirs  of  irrrgnfnr  scdt&n — CdnttouedH, 


Crvvt  hdffbt.  2.46  feet. 


'  1 

wfrlr  |J, 
In  i^v. 

I* 

a 

per  foot. 

w«ir.  In 
ctibio  fovt 

V 

*> 

JT          iH 

\ 
c 

f 

i 

1^ 

1 

;   1 

T 

,  ■?'-.•* 

m 

rKJWO     ftltHS 

z»« 

0.4IH 

0.17 

(Ll)0» 

&SOM 

o.ifiii 

%m 

.a® 

.3242 

a;h7 

.MH 

.23 

,0008 

,M0N 

.:mi 

^m 

Aa 

*iMi 

a.*r7 

m 

.5» 

.0011 

,44l« 

,2»9 

E«i 

.sm 

.SAt 

s.afl 

LOSS 

.se 

/0O99 

.Alw    .am 

%m 

.m 

.IW 

S.W 

LIDB 

.43 

,00(|» 

,ms» )  .i&7« 

%,m 

.«« 

*.6ias 

%,m 

LSftI 

.« 

.mt 

,IM»  1    .MH4 

1.S 

,737 

.out 

3.  IS 

LatO 

,m 

,ooeit 

*7»W 

,«^ 

S.li 

.m 

.IWi 

3,«t 

2.0M 

.m 

,00»4 

.WU 

.n« 

%n 

mi 

.7i«» 

t.»l 

2.149 

.71 

.0078 

.em 

.fimt 

2.m 

]« 

.0S4 

.vm 

a.K 

2.«1 

-78 

,00»& 

.nas 

,9Tfie 

2.n 

U 

LO07 

1.01QA 

%m 

2,080 

.M 

Mlb 

i.OiiS 

l,02Bi 

3.01 

IS 

L(?71» 

L12M 

%m 

1i.MS» 

.M 

.0117 

k!»t7 

1.1427 

%n  1 

It 

hm 

t.231« 

2.M 

3.M& 

1,01 

.out 

LlMf 

i,aaa 

2. 91 

11 

hm 

t,»W 

2.« 

4.097 

UIO 

,oia 

Ltioe 

t.3i» 

2.  It 

Ifi 

hm& 

HM7 

aoo 

4,3r70 

LIT 

.OIU 

l,008Si 

LIIB^ 

1« 

1A 

LMtt 

l.lilt^ 

100 

4.770 

L25 

,<xm 

hsm 

1,6817 

1»1 

17 

1,410 

tnott 

tl01 

S.U1 

.     1.30 

.026S 

L4fi«!a 

hism 

2.91 

Bazin'a  Series,  No.  139. 
Crest  length,  6.632  feet. 
Crest  height,  1.64  feet. 


CroM  Motion. 


1 

0.1ID 

O.0Q2M 

S,Oft 

P.  300 

0.1T 

0.0004 

0,1904 

0,0«» 

lot 

2 

.2» 

.12» 

».0A 

.w 

-2ft 

.0010 

.2640 

.1280 

160 

Z 

,312 

,174S 

172 

Ml 

,33 

.W17 

.3117 

.17a© 

iflj  ! 

4 

,jr75 

-2297 

»,<» 

.Ml 

,42 

.0U27 

.STH 

,232a 

102 

S 

.m 

.2800 

1T» 

1.W7 

,h2 

.0042 

.4182 

.28«0 

xesi 

0 

,M0 

.am 

172 

i.»n 

,fl2 

,0000 

.£000 

.8000 

1« 

7 

1       ,n62 

MOl 

S.7S 

l.BfiO 

,71 

,U07^* 

.wm 

.4191 

170 

tl 

.m 

.4ft» 

176 

1h«2 

,m 

,OiHm 

.m49 

.4M1 

107 

9 

*m 

.5447 

182 

2.0HI 

,W 

.0125 

.6700 

.fiOOT 

171 

10 

.m 

.027* 

179 

2,>W0 

1JK» 

JJlfM 

,74«A 

.&482 

107 

11 

,79ft 

.7m 

180 

2.7D9 

Ml 

Mn 

,*il?2 

,?a8a 

107 

12 

.mi 

.TSBfi 

IM 

lOGbl 

i,:ii 

.\im 

,*r?4» 

,m» 

109 

13 

,m 

.STsa 

I8d 

3,!C7ll 

1,22 

.m\ 

.9421 

.9|«l 

n.m 

14 

,im 

.Ofiift 

187 

8,092 

1,41 

,u»oo 

.9901 

,9940 

in 

IS 

Lfm 

1.0W7  1 

199 

4.«i8 

rfti 

.vim 

umfj 

1.0W97 

171 

10 

1.092 

1,HU 

190 

4.44* 

}.m 

,wia 

i,rm 

1.20rtO 

lOB 

17 

t  IM 

1.2Mi 

190 

4,«I« 

L72 

,w<» 

i.mo 

1.2090 

*.0» 

IS 

L^IO 

L39T0 

191 

(k!HO 

l.*l 

.(ifiOrt 

l.^JKW* 

1.  4194 

liO 

19 

i.2£e 

L4110 

lOK 

1*70 

1,93 

Mn 

L3ifift 

I.IHIW 

109 

«» 

i.a» 

hm» 

190 

(lOlfE 

2-UA 

.m\ 

LB901 

1.133AM 

101 

21 

L« 

I.MW 

lOB 

e*4M 

1LU 

OTOft 

1.4ft4--i 

1.7714 

100 

WE1B8   OF   IRBEGULAB   SECTION. 


75 


BozMb  experiments  on  weirs  of  irregular  section — Continued. 

Bazin's  Series,  No.  140. 
Crest  length,  6.682  feet 
Crest  height,  1. W  feet  C,^  ,^^^ 


Period. 

Observed 
head, 
experi- 
mental 
weirD, 
in  feet 

D* 

Ci 

Q,flow 
per  foot, 
experi- 
mental 
weir,  in 
coble  feet 

per 
second. 

r 

«• 
^ 

jsr 

H^ 

C 

1 

2 

S 

4 

6 

6 

7 

8 

9 

10 

1 

0.192 

0.0685 

3.77 

0.315 

0.17 

0.0004 

0.1924 

0.0641 

3.74 

•2 

.2S2 

.1265 

3.74 

.473 

.25 

.0010 

.2530 

.1278 

3.72 

3 

.306 

.1709 

3.75 

.641 

.33 

.0017 

.8097 

.1726 

3.71 

4 

.871 

.2260 

3.71 

.838 

.42 

.0027 

.3727 

.2278 

3.68 

6 

.436 

.2879 

3.77 

1.086 

.62 

.0042 

.4402 

.2919 

3.72 

6 

.488 

.8399 

3.74 

1.276 

.60 

.0066 

.4936 

.3472 

8.66 

7 

.549 

.4068 

3.81 

1.551 

.71 

.0078 

.5668 

.4167 

3.73 

8 

.604 

.4694 

3.82 

1.792 

.80 

.0099 

.6139 

.4811 

3.72 

9 

.664 

.6411 

3.83 

2.072 

.90 

.0126 

.6766 

.6670 

8.72 

10 

.719 

.6096 

3.84 

2.342 

.99 

.0162 

.7342 

.6289 

8.72 

11 

.786 

.6966 

3.88 

2.700 

1.11 

.0192 

.8042 

.7209 

3.74 

12 

.837 

.7668 

3.88 

2.968 

1.20 

.0224 

.8594 

.7961 

3.73 

13 

.905 

.8610 

8.92 

3.375 

1.32 

.0271 

.9821 

.8998 

3.76 

14 

.961 

.9421 

3.90 

3.674 

1.41 

.0309 

.9919 

.9880 

8.72 

,      15 

1.023 

1.0847 

3.95 

4.069 

1.63 

.0364 

1.0694 

1.0896 

8.73 

16 

1.060 

1.1224 

3.93 

4.402 

1.62 

.0408 

1.1208 

1.1869 

3.71 

17 

1.143 

1.2220 

3.97 

4.843 

1.74 

.0471 

1.1901 

1.2981 

8.78 

1      ^^ 

1.196 

1.3063 

3.96 

5.187 

1.88 

.0621 

1.2471 

1.3925 

3.72 

'      19 

1.254 

1.4043 

3.97 

6.558 

1.92 

.0673 

1.3113 

1.5011 

3.70 

20 

1.316 

1.6097 

3.99 

6.024 

2.03 

.0641 

1.8801 

1.6211 

3.72 

21 

1.375 

1.6123 

4.01 

6.466 

2.14 

.0712 

1.4462 

1.7888 

3.71 

Bazin'8  SerieK,  No.  147. 
(^rest  length,  6.536  feet. 
Cre«t  height.  2.46  feet. 


7 
8 
9 
10 
11 
12 
13 
14 


16  I 

IH  I 

19  ! 

«  I 


0.281 

.308 

.373 

.438 

.608 

.669 

.637 

.681 

.734 

.797 

.815 

898 

.953 

1.015 

1.063 

1.115 

1.165 

1.217 

1.266 

1.332 

1.394  I 


1.1110 
.1709 

.2278 
.2899 
.3568 
.4292 
.5084 
.5620 
.fi289 
.7115 
.7768 
.8510 
.9303 
0226 


I 


.(mo 
.1774I 

.2575  ' 
.3420  I 
.4228  ' 
.  .-.373  , 


Cross  section. 


2.75 

0.306 

2.85 

.486 

2.86 

.662 

2.97 

.861 

3.02 

1.078 

3.13 

1.343 

3. '20 

1.626 

3.24 

1.821 

3.34 

2.109 

3.40 

2.417 

3.44 

2.673 

3.  .53 

3.004 

3.57 

3.320 

3.63 

3.703 

3.67 

4.037 

3.73 

4. 401 

3.79 

4.775 

3.H3 

.5.132 

3.  S.'» 

5.  MM 

;i.  H9 

5.991 

ti.ifH 

6..'>67 

0.11 
.18 
.'23 
.30 
.37 
.44 
.54 
.58 
.66 
.74 
.81 
.89 
.97 
1.06 
1.15 
1.'22 
1.31 
1.40 
1.47 
1.5H 
1.68 


0.0002 
.0005 
.0008 
.0014 
.0021 

.00:^0 

.0045 
.0052 
.0068 
.0083 
.0102 
.0123 
.  0146 
.0175 
.02a> 
.0231 
.  0'2<.7 
.0305 
.0336 
.038H 


0.1110 
.1709  j 
.2287 
.2909  ' 
.3589  I 
.4326 
.5132 
.5682 
.6378  ' 
.7'2'23 


0.2312  I 
.3085  I 
.3738  I 
.4394  : 
.5061  ' 
.5720  I 
.6415 
.6862  , 
.7408 
.8a53  ! 
.8552  I 
.9103  ' 
.9676 
1.0325 
1.0830 
1.1381 
1.1917 
1.2475 
1.'2986 


.7906 

.95'23  , 
1.0484  ' 
1.1*286  ■ 
1.2140 
1.3013 
1.39'26  I 
1.4805 

\  \.««<i 


2.75 

2.84 
2.85 
2.96 
3.00 
3.10 
3.17 
3.20 
3.31 
3.35 
3.38 
3.46 
3.49 
3.53 
3.58 
3.62 
3.67 
3.68 
3.70 
'i.l*\  ' 
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Bazin^s  experiments  on  weirs  of  irregtUar  secUon — Continoed. 

Bazin'8  Series,  No.  149. 
Crest  length.  6.518  feet    . 
Crest  height,  2.46  feet 

GrosBMcUon. 


Period. 

1 

Observed 
head, 
experi- 
mental 
weir  D, 
in  feet 

J^ 

Ci 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  fn 
cubic  feet 

per 
second. 

1' 

«• 
^ 

jsr 

fl* 

C 

:« 

8 

4 

5 

6 

7 

8 

9 

10 

1 

0.248 

0.1235 

2.56 

0.816 

0.12 

0.0002 

0.2482 

0.1285 

2.56    ' 

2 

.317 

.1785 

2.58 

.462 

.17 

.0004 

.8174 

.1785 

2.59    i 

3 

.390 

.2436 

2.67 

.651 

.23 

.0008 

.9908 

.2445 

2.66 

4 

.455 

.3070 

2.78 

.838 

.29 

.0013 

.4663 

.3080 

2.72 

5 

.521 

.3761 

2.82 

1.060 

.36 

.0020 

.5280 

.8782 

2.80 

6 

.585 

.4475 

2.89 

1.295 

.43 

.0030 

.6850 

.4475 

2.89 

7 

.668 

.5277 

2.97 

1.568 

.51 

.0040 

.6570 

.6326 

2.94 

8 

.706 

.5920 

3.00 

1.776 

.56 

.0049 

.7099 

.6988 

2.97 

9 

.766 

.6706 

3.08 

2.067 

.64 

.0064 

.7724 

.6788 

3.05 

10 

.818 

.7398 

8.16 

2.338 

.71 

.0078 

.8258 

.7507 

8.11 

11 

.882 

.8283 

3.23 

2.674 

.80 

.0099 

.8979 

.8509 

8.14 

12 

.942 

.9143 

3.30 

3.016 

.89 

.0123 

.9643 

.9818 

8.28 

13 

.999 

.9985 

3.36 

3.356 

.97 

.0146 

1.0156 

1.0241 

8.28 

14 

1.061 

1.0774 

3.39 

3.627 

1.03 

.0165 

1.0665 

1.1006 

3.80 

15 

1.108 

1.1584 

3.45 

4.002 

1.12 

.0195 

1.1226 

1.1885 

3.87 

16 

1.166 

1.2575 

3.49 

4.397 

1.20 

.0224 

1.1874 

1.2932 

3.40 

17 

1.209 

1.3294 

3.52 

4.682 

1.27 

.0251 

1.2341 

1.3708 

3.42 

18 

1.281 

1.4499 

3.57 

5. 177 

1.38 

.  0296 

1.3106 

1.5011 

3.45 

19 

1.330 

1.5338 

3.60 

5..=S08 

1.45 

.  o:«7 

1.3627 

1.5912 

3.46 

20 

1.3H5 

1.6300 

3.63 

5.in7 

i.r>4 

.0369 

1.4219 

1.6966 

8.49 

21 

i 

1.  146 

l.?3H8 

3.67 

»i.  38(> 

l.W 

.0118 

1.4878 

1.8151 

3.52 

Bazin's  SerieH,  No.  150. 
Crest  length.  6.518  feet 
Crest  height.  2.46  feet 


1 
2 
3 
4 
5 
« 
7 
8 
9 
10 
11 
12 
13 
14 
15 
If. 
17 
18 
19 
20 
21 
22 


I  -/ 


0.248 
.32:5 
.379 
.459 
.  512 

.rm 

.637 

.698 

.751 

.814 

.869 

.928 

.982 
1.043 
1.095 
1.152 
1.215  i  1 
1.2:»9  1  1 
1.315  !   1 

\.:m  :  1 

1.380  I  1 

1. 431»      • 

/ 


I 


1235 
1836 
2:«3 
3110 
3664 
4486 
.'i084 
58:V2 
6.T08 
7344 
8101 
8940 
9732 

14.VJ 
2:^64 

4127 

rmso 
:.2iM 

,  6- 


0.314 

.4f<8 

.618 

.877 

1.06.'> 

1.329 

l.nCO 

l.Hli> 

2. 070 

2. 393 

2.  lisl 

3.0l:i 

:{.  H2>s 

3.7i:{ 

4.o:i7 

4.  114 

4.797 
5.118 
.'i.r.l2 

5.  .>!« 
^2 


i 

• 

B^^ 

rrot»  section. 

0.  12 

0.  0002 

0.2482 

0.1236 

2.M    1 

.IC 

.  (RXH 

.3-234  ! 

.1836 

2.66    1 

.23 

.(X)08 

.3798  , 

.2342  1 

2.77    j 

.;«) 

.(Kn4 

.4604  ' 

.3120 

2.81    ' 

.  Hf) 

.  0020 

.f>UO 

.3685 

2.89 

.i:; 

.  0029 

.  rvK89 

.4521  , 

2.94    ! 

..V) 

.  WX^9 

.  040*) 

.5132  1 

3.04    1 

.  '>7 

.0051 

.  7031 

..5895  1 

3.09    1 

.♦•>4 

.0064 

.  7574 

.6587  ' 

3.14    1 

.73 

.oas;} 

.  822:^ 

.7452 

3.21     ' 

.80 

.0099 

.  8789 

.8241  i 

3.25    ' 

.89 

.0123 

.  <M0-3 

.9114  1 

3.31     ' 

.97 

.oi4r. 

.  «>9<;«i 

.  9955 

3.34 

1 .  (x; 

.017:. 

l.(HMl.'. 

1.0913 

3.40 

1.13 

.oi'.h* 

1.1149 

1.1774 

3.  13 

1.22 

.(e31 

1.1751 

1.27:^7 

:k46 

l.:ui 

.02i;3 

1.2113 

l.:{82.^  1 

.3.47 

l.:\s 

.  02<.Hi 

1 .  28.-»<; 

1.4.584   1 

3.51 

1       1 . 4«i 

.  o;53i 

1.34M 

i.rni^]  1 

3.52 

1.17 

.033<i 

1 . 3.'W.6 

1.581)7  ; 

3.51 

'       1.5;-) 

.o;i7i 

1.4171 

i.tyMW  ' 

3.54 

\       \.M 

.^H\H 

\.\>*^x 

\.v»<52a» 

X    "^-^     \ 

WEIRS    OF   IRREGULAR   SECTION. 

Bazin^n  exfteriments  on  weirs  of  irregvUar  sedion — Continued. 

Bazin's  Series,  No.  151. 
rre«t  len^h,  6.660  feet, 
rrettt  height,  2.46  feet. 

Cro«  section. 


77 


Period. 

Observed 
head, 
experi- 
mental 
weir  D, 
in  feet 

/)i 

Q 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

second. 
5 

r 

2b 

H 

i/« 

C 

1 
1 

2 

0.201 

8 

4 

6 

0.09 

7 

O.OOOl 

8 

9 

10 

2.71 

0.0901 

2.71 

0.244 

0.2011 

0.0901 

2 

.240 

.1176 

2.81 

.329 

.12 

.0002 

.2422 

.1191 

2.76 

3 

.307 

.1701 

2.79 

.474 

.17 

.0004 

.8074 

.1701 

2.79 

4 

.891 

.2446 

2.79 

.684 

.24 

.0009 

.3919 

.2454 

2.79 

6 

.446 

.2969 

2.92 

.867 

.30 

.0014 

.4464 

.29'/9 

2.91 

6 

.614 

.3686 

2.96 

1.089 

.37 

.0021 

.5161 

.3707 

2.94 

7 

.687 

.3986 

2. 98 

1.174 

.39 

.0024 

.5394 

.3957 

2.97 

8 

.678 

.4337 

3.06 

1.324 

.43 

.0030 

.5760 

.4371 

3.03 

9 

.643 

.6166 

3.09 

1.594 

.51 

.0040 

.6470 

.5204 

3.06 

10 

.696 

.6796 

3.20 

1.856 

.59 

.0054 

.7004 

.5857 

3.17 

11 

.756 

.6674 

3.24 

2.129 

.66 

.0068 

.7628 

.6666 

8.19 

12 

.800 

.7166 

3.30 

2.362 

.T2 

.0081 

.8081 

.7263 

3.26 

13 

.826 

.7607 

3.31 

2.486 

.76 

.0090 

.8360 

.7681 

8.26 

14 

.867 

.8078 

8.36 

2.712 

.81 

.0102 

.8772 

.8218 

8.80 

16 

.921 

.8889 

3.39 

2.997 

.89 

.0123 

.9333 

.9018 

8.82 

16 

.976 

.9628 

3.46 

3.332 

.97 

.0146 

.9896 

.9850 

8.38 

17 

1.027 

1.0408 

3.61 

3.658 

1.04 

.0168 

1.0438 

1.0667 

8.47 

18 

1.090 

1.1380 

3.62 

4.013 

1.13 

.0199 

1.1099 

1.1696 

8.48 

19 

1.112 

l.l?/7 

3.67 

4.177 

1.17 

.0213 

1.1333 

1.2060 

8.46 

20 

1.140 

1.2172 

3.60 

4.382 

.^1.22 

.0231 

1.1681 

1.2548 

8.60 

21 

1.209 

1.32W 

3.61 

4.801 

1.31 

,0267 

1.2857 

1.8741 

3.49 

22 

1.248 

1.3942 

3.64 

5.060 

1.36 

.0288 

1.2768 

1.4431 

3.61 

23     ' 

1.314 

1.6063 

3.fW 

6.567 

1.47 

.0336 

1.3476 

1.6651 

3.56 

24 

1.362 

1.5721 

3.71 

6.825 

1.52 

0359 

1.3879 

1.6352 

3.56 

26 

1.416 

1.6850 

_ 

3.75 

6.337 

1.64 

.0418 

1.4578 

1.7604 

3.60 

WKIR    EXPERIMEIJTS,   COEKFrCIENT^,   AND   FOEMlFLAS. 


Ihum^s  fxpcrijttinis  on  wdn  of  irrvguiar  KCtMnt^-ContLiiQiMl. 


Cti?fli  lernfth,  ft^sift  feet 
Crei?t  height,  2.4I&  ieat 


OcHa  Hhctlau, 


Period. 

OtMrred 

/ll 

a 

perfwt, 

weir,  In 
tnibfc  fwt 

■econd. 

If 

20 

H 

^ 

0 

1 

51 

■ 

4 

ft 

« 

J 

S 

» 

li 

IL3IS 

ikim 

2,5ft 

o.au6 

Oil2 

aOQQS 

0,«^ 

ai^Sft 

^66 

.in 

.ms 

]LQi 

.409 

.17 

.0004 

.»1?4 

.ITSS 

3.» 

.190 

.«3S 

9.«r 

.m 

.SS 

.OQOH 

.wm 

.'2WI» 

lfl« 

.45S 

.307U 

2,?3 

.«sa 

.» 

.m^ 

»48S 

,30ao 

rT2 

*Klt 

.5?«t 

2.S2 

LO0O 

.« 

.MO 

-ipo 

.S7»S 

'Lm 

.Uft 

.4475 

^S» 

1.296 

.41 

,t»N 

.mv 

.4475 

t.m 

.itt 

.6277 

2.W 

i.im 

.51 

.0040 

.«I0 

.£B2ft 

zm 

.706 

.5930 

3,00 

hm 

.66 

.0049 

.TD» 

*mm> 

1L97 

.9W 

,11705 

a.  Oft 

2.067 

.M 

,0064 

,7154 

.€713 

3.m 

10 

.»!« 

.Tsm 

ft.IA 

2.S88 

,71 

.ocr7ft 

.JE2flS 

.7507 

itii 

11 

.sai 

.dasa 

S.3S 

2.«74 

.80 

.0090 

.WJ9 

,11509 

114 

12 

.M3 

,»<a 

a.  SO 

3.01G 

.S» 

.0123 

.9543 

.9318 

a,  23 

IS 

,tt» 

.m^ 

s.sa 

3.SU 

.97 

.014(t 

t.0156 

LOIUI 

»,2h 

14 

Lcm 

1.0774 

a.a» 

a.n7 

1.CS 

,0105 

I.0M5 

1.1006 

3.90 

ih 

I.i0« 

LIAM 

a,  4ft 

COtt 

LU 

,OlOn 

1.122& 

l.l^*»ft 

a,  ST 

tn 

M«& 

i.^ira 

S.4V 

4,397 

1.90 

.0224 

].m4 

1.293-i 

3  W 

IT 

L2{m 

t.asM 

S.St 

4flS2 

i.a? 

.0251 

1,3341 

l,»70h 

lit.  42 

U 

I.WI 

J. 44m 

i.OT 

5.177 

1.9ft 

,02% 

t.sioe 

1.5011 

X.4^ 

19 

1,S9(» 

1.683ft 

3,60 

SvftOft 

I.4A 

.0827 

i.a^ 

1.5«K 

3.4« 

3U 

hWh 

LfiaOQ 

a.<» 

6.»n 

L&l 

.D»(i9 

1.4^9 

1.0SG« 

S.«l> 

n 

1.44l> 

1.78«S 

S.67 

6.386 

I.M 

.0411^ 

1.4S7S 

l.Klfr] 

X.W 

Bazin'8  Series,  No.  160. 
Crest  length,  6.518  feet 
Crest  height.  2.46  feet 


0,2ig 

0.1235 

%6& 

0.314 

0.12     0.0002 

0.24ft2 

' — 

0.t3W 

2.H 

,333 

.]85« 

2.«5 

.488 

.16^     .0001 

,3234 

.1336 

2.6IS 

.37t 

.£Ba 

2.7ft 

,a4a 

.291       .WUft 

.3798 

.2342 

2.77 

.4^ 

.3110 

^82 

.f77 

.)»       .0011 

.4604 

.3120 

2.81 

.m 

,3e(V4 

2.91 

I.DI^ 

.3«    .om 

.M40 

.xm 

%m 

.5HB 

.44116 

2.90 

1.329 

,43  1    .0029 

..S8§0 

.4521 

zn 

.(S97 

.wm 

8.07 

LmQ 

.fM>l    ,0089 

.6409 

.5132 

3.0« 

.ttj» 

.&8St 

a.  13 

1.819 

.S7  !    .0061 

.7081 

,m6 

3.UU 

.TfH 

.OSOft 

>.1S 

2.070 

.64  1     .0064 

.7574 

.0567 

tu 

.314 

.7M4 

3,96 

2.S9a 

.n  ^    .0083 

.8223 

.7451 

a.  21 

.sav 

.«101 

a.ai 

2,efil 

.80 

.0099 

.67110 

.9241 

HL-J^ 

.92ft 

.jmo 

3.^7 

a,  0151 

.»W 

.0123 

.9408 

.9114 

3.31 

.W*2 

.tf732 

3.42 

s,asM 

.97 

,  OHU 

.99G6 

.9665 

a.»4 

1.04:1 

t.mtflfi' 

3,47 

a.7i» 

1.00 

.  unrj 

1.0606 

LOOlt 

3,40 

15 

I.0B5 

i.i*.M> 

3.51 

4,«n 

M3 

.0139 

^.1149 

1,1774 

3La 

lA 

LIAU 

t23tai 

a.aa 

4.414 

L-£* 

osti 

1.1751 

1.27»7 

%M 

17 

L215 

i,X$V9 

S,M 

4,797 

hm 

.{jrjis;; 

1,211  a 

1.WI& 

1,47 

1ft 

L259 

i.4r^ 

a.oa 

5,  IIS 

hm 

.0290 

1.2S50 

1.4064 

a.M 

/  "  i 

I.3I5 

I.MIMO 

S^6& 

ti.W2 

[     \.4tf. 

i,   .03;^ 

\  MSI 

t,5«l 

%m 

1^1 

j.awi' 

a.  OR 

3.79 

\*     \.4* 

V.WOL 

WEIRS    OP   IRRROULAR   SECTION. 
Bazin*s  exfterimenin  cm  weitB  of  irregular  section — Continued. 
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Razin' 
<'re«tl 
CYeHtl 

8  Series,  No.  IM. 
ength.6.5M>feet. 
leight.  2.46  feet. 

\'M 

m 

>s 

Period. 

Obwrvod 

experi- 
mental 
weir  A 
in  feet. 

i)i 

Ci 

Q.  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

per 
second. 

V 

1* 
7 

H 

8 

77* 
9 

C 

1 

2 

S 

4 

6 

6 

10 

1 

0.201 

0.0901 

2.n 

0.244 

0.09 

O.OUOl 

0.2011 

0.0901 

2,71 

2 

.240 

.1176 

2.81 

.329 

.12 

.0002 

.2422 

.1191 

2.76 

3 

.307 

.1701 

2.79 

.474 

.17 

.0004 

.3074 

.1701 

2.79 

4 

.891 

.2445 

2.79 

.684 

.24 

.0009 

.3919 

.2454 

2.79 

5 

.446 

.2969 

2.92 

.867 

.30 

.0014 

.4464 

.2979 

2.91 

6 

.614 

.3686 

2.96 

1.089 

.37 

.0021 

.  5161 

.3707 

2.94 

7 

.687 

.3035 

2.98 

1.174 

.39 

.0024 

..S394       .3957 

2.97 

8 

.678 

.4387 

3.05 

1.324 

.43 

.0030 

.5760^     .4371 

3.03 

9 

.648 

.5156 

3.09 

1.5M 

.51 

.0010 

.6470       .5204 

3.06 

10 

.095 

.6796 

3.20 

1.856 

.59 

.0054 

. 70OI       . 5857 

3.17 

11 

.756 

.6674 

3.24 

2.129 

.66 

.0068 

.  7628  '     .  6666 

3.19 

12 

.800 

.7155 

3.30 

2.362 

.?2 

.0061 

.8081  '     .7263 

3.25 

13 

.826 

.7507 

3.31 

2.486 

.76 

.0090 

.8360 

.7631 

8.26 

14 

.867 

.8078 

3.36 

2.712 

.81 

.0102 

.8772 

.8213 

8.80 

15 

.921 

.8839 

3.39 

2.997 

.89 

.0123 

.9333 

.9018 

8.32 

16 

.976 

.9628 

3.46 

3.332 

.97 

.0146 

.9896 

.9850 

3.38 

17 

1.027 

1.0406 

3.61 

3.658 

1.04 

.0168 

1.0438 

1.0667 

8.47 

18 

1.090 

1.1380 

3.52 

4.013 

1.13 

.0199 

1.1099 

1.1695 

3.48 

19 

1.112 

i.ir/7 

3.57 

4.177 

1.17 

.0218 

1.1333 

1.2060 

8.46 

20 

1.140 

1.2172 

3.60 

4.382 

^^1.22 

.0231 

1.1681 

1.2548 

8.60 

21 

1.209 

1.3294 

3.61 

4.801 

1.31 

,0267 

1.2857 

1.8741 

8.49 

22 

1.248 

1.3942 

3.C4 

5.060 

1.36 

.0288 

1.2768 

1.4431 

3.51 

23     ' 

1.314 

1.5063 

3.fJK 

5.557 

1.47 

.0336 

1.3476 

1.5651 

3.55 

24 

1.302 

1.5721 

3.71 

6.825 

1.52 

0359 

1.3879 

1.6352 

3.56 

26 

1.416 

I.6H0O 

3.75 

6.337 

1.64 

.0418 

1.4578 

1.7604 

3.60 
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WBIB   KXFKRIMENTS,   CUEFFICIKNT8,    AND    FUEMDLAS. 
Bartn'ff  f^pt^rimmU  an  vmr§  of  irregular  ueditm — Gjnttiiued^ 


Barn's  iicriti^,  No.  168. 
f  :iH»t  length.  6.515  feet. 


Pwrtod. 

Oba^rvwl 

head. 

mtntAl 

!>• 

ft 

Q.  flow 
per  fcjot, 
expert' 

welrjD 
fublefect 

per 
seotmd. 

v 

li 

Bi 

€ 

» 

t 

* 

t 

i 

i 

r 

n 

ft 

It 

a  287 

0.1154 

tTS 

0.314 

0.12 

aooou 

0.2S72 

0.115« 

±71 

.mi 

.1651 

2.77 

.*67 

.Ift 

.0001 

.3tlU 

.leai 

2.77 

.872 

.2am 

S.7» 

.m 

.22 

.OCNW 

.372*t 

!    ,2278 

i:*  j 

.373  (    .a37» 

a.(*3 

.MA 

.2a 

.am 

.37S8 

.rsta 

a.sr  , 

.ml    .29111 

a.go 

.HI? 

.2» 

.UUIM 

.4lt3 

.21129 

■Lm  1 

.50&       ,S589 

2,  OS 

I,Uf^ 

.35 

,0019 

.sooo 

,*M0 

a.  91 

-Wfi  |p  .4S71 

3.00 

L3U  . 

.43 

.Qom 

.fiTiO 

.4406 

m 

.687  1    .&m 

3.07 

Lfieo 

.fiO 

.0099 

.ft400 

-fim 

XOI 

.m 

.WW 

a.  10 

1.W1 

.S7 

.0061 

.70U 

,S»70 

t.07 

10 

.701 

.mTo 

*J0 

l.«20 

.58 

.0062 

.TOffi! 

.m&i 

3.  or 

tl 

.700 

.0^ 

*.l* 

2.086 

.«& 

,0060 

imA 

,«717 

110 

n 

.7tt2 

.aefi2 

».]6 

2.101 

.06 

.uotw 

.7*86 

.8743 

3.13 

m 

,aii 

.7*44 

a,  20 

^i.JM» 

.72 

.0061 

,ism 

.74fia 

K.IB 

H 

.m 

.iMl 

s.:^ 

2.r^S| 

.80 

.OOW 

.tm 

^SSil 

laD 

lA 

.9»7 

.«m 

3.20 

3.1)&4 

.sa 

0120 

.^m 

.»246 

138 

i$ 

•      .W8 

.Ba96 

a,JM 

a,w7 

.m 

.01J3 

1.0073 

1.0105 

1^ 

n 

l.OOl 

1.00JS 

3.83 

3.^30 

,m 

.0143 

1.0158 

i.ceutt 

S.ifi   \ 

IB 

L055 

LOKM^ 

H.*y 

3,fi7i 

L06 

.0371 

1.0721 

l.liW 

3.31 

19 

].102 

1.1M!» 

3.11 

9.%fl 

lai 

,0I»2 

1.1212 

i.isat 

*a  I 

£0 

L170 

1.365a 

&.4fi 

C3M 

1. 21 

.0228 

1.1921^ 

i.aouo 

3.f?    ] 

n 

i-aa 

1,367S 

Ji.4S 

4.7W 

1.;^ 

.OS55 

LS^lfi 

I  3992 

3.SS 

IS 

l.SSiO 

Liflea 

3.51 

5.1M 

1.3fl 

.orm 

L3l% 

1.5166 

3.* 

2S 

l.tStt 

1.U36 

S.&S 

5.139 

1.37 

.02te 

l.ai»2 

i.si;i2 

3.40 

:h 

1.M7 

1.5^ 

3.5a 

h.m 

1.45 

.0327 

1.3791 

Lmo:$ 

3.40 

25 

1.44H 

LttS^JT} 

3.5B 

S.W3 

\.u 

.0360 

1.4409 

Lr^w 

3.44 

as 
1 

l.iSfi 

1,7206 

a.  SB 

6.158 

l.W 

.osea 

1. 4713 

1.7914 

S.4I 
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BazirCs  experiments  on  weirs  of  irregular  section — Continued. 


Bazin's  Series,  No.  IM. 
Crest  length,  6.616  feet. 
Crest  height,  2.46  feet. 


Crofli  section. 


Period. 

Observed 
head, 
experi- 
mental 
weir  D, 
in  feet. 

D* 

c\ 

Q.flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

per 
second. 

t» 

2g 

H 

hI 

C 

1 

2 

S 

4 

5 

6 

7 

8 

9 

10 

1 

0.286 

0. 1147 

2.70 

0.311 

0.12 

0.0002 

0.2682 

0.1349 

2.80 

2 

.306 

.1709 

2.74 

.469 

.17 

.0004 

.3084 

.1709 

2.74 

3 

.373 

.2278 

2.83 

.645 

.23 

.0008 

.3738 

.2287 

2.82 

4 

.447 

.2989 

2.85 

.852 

.29 

.0013 

.4483 

;2999 

2.84 

5 

.506 

.3621 

2.95 

1.068 

.36 

.0020 

.6100 

.3642 

2.94 

6 

.677 

.4382 

2.97 

1.301 

.37 

.0021 

.5791 

.4406 

2.96 

7 

.643 

.5156 

3.04 

1.569 

.51 

.0040 

.6470 

.6204 

8.02 

8 

.706 

.5933 

3.07 

1.821 

.57 

.0061 

.7111 

.5996 

3.04 

9 

.760 

.6626 

3.17 

2.102 

.65 

.0066 

.7666 

.6717 

3.11 

10 

.823 

.7466 

3.20 

*    2.389 

.73 

.0083 

.8318 

.7576 

3.16 

U 

.888 

.8368 

3.20 

2.678 

.80 

.0099 

.8979 

.8609 

3.15 

12 

.946 

.9201 

8.24 

2.981 

.87 

.0U8 

.9678 

.9376 

8.18 

13 

1.011 

1.0165 

3.28 

3.334 

.96 

.0143 

1.0263 

1.0377 

8.21 

14 

1.075 

1.1146 

3.31 

8.674 

1.08 

.0165 

1.0916 

1.1396 

8.22 

15 

1.138 

1.2140 

3.36 

4.066 

1.18 

.0199 

1.1679 

1.2461 

8.26 

16 

1.196 

1.3063 

3.37 

4.416 

1.20 

.0224 

1.2174 

1.3426 

3.29 

17 

1.260 

1.3975 

3.40 

4.760 

1.28 

.0266 

1.2765 

1.4397 

3.31 

18 

1.810 

1.4994 

3.43 

5.145 

1.36 

.0288 

1.8888 

1.6494 

3.32 

19 

1.370 

1.6035 

3.45 

5.520 

1.44 

.0822 

1.4022 

1.6601 

3.32 

20 

1.490 

1.7100 

3.48 

5.951 

1.58 

.0864 

1.4664 

1.7750 

3.86 

10  WK!S    KXPKRIMKNTS,    nnKFFr<  TKITTS,    AND    FORMOT-Aa 

BMln'H  B*rio*,  Ko.  IW. 

Up«tn-it.m  (^topics  i  to  1, 
DowtistrenHD  ^ope,  i^  to  1. 


1 


Period. 

head.    ' 
expert- 
menl&l 
welf  A 

/>i 

_    _. 

pur  Iw>i, 

WL'ir,  in 

cubic  feet 

p«f  ^ 

f 

M 

IJi 

^' 

1 

S 

» 

4 

£ 

A 

i 

«t 

t 

ft 

1 

1),2M 

0,123D 

"2.7fl 

0.387 

IK  1:2 

tLom 

o^jwea 

a.i:E20 

a.t6 

3 

.an 

.1734 

±N0 

.4SG 

.17 

,0001 

.3114 

.1734 

1« 

a 

.882 

.2Sai 

2,M 

,e?i 

.24 

,noo0 

.SS;;£9 

.2970 

2.^ 

4 

.44a 

.I2ff7« 

*i.UO 

.*«iM 

.m 

.0014 

,4474 

.£9e9 

2.M 

5 

.M)6 

.»S^il 

2.91 

I.OM 

.m 

.ora) 

.51W 

,««42 

%m 

6 

.R76 

,4S7i 

2.»5 

i.3m> 

.«a 

.am 

♦  WM7 

.4406 

±91 

T 

.«8« 

.SOW 

s.m 

i.aw 

.4^ 

,0087 

.Ain 

.6144 

1» 

B 

.703 

.him 

£.0Q 

LSN 

,^7 

.(IQ51 

.TWl 

.m% 

3.Ue 

9 

.T&l 

.6ti7» 

a.  10 

**,070 

M 

,€051 

,77« 

.ff7&7 

Jl.tK    ' 

10 

.«S4 

.7537 

!Lta 

2.»*i 

.?i 

.0Q»1 

.&m 

.7727 

z.m 

It 

.mi 

,8308 

».n 

2.«sa 

.TV 

.flUi? 

.9»r7 

.SilQ 

si:e 

\2 

.W)«  , 

.ueH7 

».24 

xoa« 

.g« 

.0130 

.9080 

.^m 

3.1« 

la 

J.Olf 

L02TO 

S.22 

»,!Hiy 

,96 

.U140 

Loaoo 

l.iH»4 

a.i« 

14 

l.l1?i 

Liiao 

3.30 

3.«^ 

LQ4 

.0166 

i.osoe 

M»9a 

3k  22 

1« 

Md» 

l.21«« 

H.^Jtf 

%.m 

Lll 

.01»2 

Llf«2 

1.24fl2 

^21 

t« 

L2m 

tftlN 

8.31 

4.9A7 

LIS 

.0220 

1.22.^ 

t,».VM 

IS 

IT 

3.1^7 

t>42^i 

3,A4 

4.7M 

l.^ 

.0247 

i.asMT 

L40W 

8.34 

la 

L»41 

i.mia 

S.3ti 

5.  VIS 

l.»7 

.02V2 

KSTtB 

t.«aas 

&2& 

ift 

L8M 

hem 

s.ad 

5.}i30 

L4a 

.oaifl 

i.ra^ 

L7(ns 

3.3& 

20 

1.457 

1.7WCI 

^» 

5.se2 

1.02 

.oa»B 

1.4«3» 

LSMl 

a.  37 

fiasin'8  Series,  No.  158. 
Crest  length,  6.520  feet. 
Crest  height,  2.46  feet. 


OrdHMrtlon. 


0.2S4 

0.1 193 

2.7f 

0.S16 

0.12 

0.0CQ2 

0.2342 

o.im 

179 

.sii 

.  1743 

XT2 

.474 

.IT 

.OOOi 

.3124 

.1743 

2.72 

.988 

.2810 

iL77 

.fifle 

.23 

.OOOh 

.3836 

.'2879 

2,76 

.4S7 

.auoo 

a.7i 

.96:1 

.28 

.0013 

.4Aes 

.moo 

2.79 

.580 

.3Bfi« 

2.81 

LtttS 

.36 

.OffiSO 

.S33Xi 

.3890 

a.» 

.000 

.4M8 

182 

1.811 

.4^ 

.om 

.«O30 

.4613 

%m 

.m 

-WOB 

2.  SO 

1.57fi 

.M 

.0039 

.fi759 

.5fiK7 

2.  HI 

.m 

.087^ 

2.W> 

1.821 

.hi 

.0051 

.73^1 

.6340 

2.«7 

_.m 

.7142 

1L9} 

2.07ft 

.64 

,0064 

.KO"^ 

.7233 

8.» 

1« 

.1180 

i7t7JV 

2.W* 

2.854 

.71 

-ami 

.S678 

.mw7 

2.91 

u 

.MO 

.aaett 

i.OO 

leoL 

.79 

.0097 

.3897 

.9114 

2,95 

12 

.m 

■  WBl 

104 

2.967 

.86 

.on& 

.99*66 

.W2& 

2.99 

l^l 

hm 

|.0«ati 

a.  to 

3.a4S 

.95 

.0140 

i.oeoD 

1.1053 

a.m 

w 

1.12& 

1.1933 

3.12 

3. 713 

1.04 

,0168 

1.1410 

L2204 

3.04 

IS 

i.rn 

i.m» 

a.i& 

4.022 

1.10 

.oisa 

1.7l»5iJ 

l.a029 

s.oe 

10 

1.348 

i.mft 

s.ti» 

4.434 

1.20 

.0224 

1.2ti.'vi 

L422a 

a.  12 

17 

l.W 

1.4771 

3.22 

4.706 

1.27 

.02f>l 

1.S22L 

1.6200 

11.14 

la 

i,m 

l.MTia 

3.2& 

B.llH^ 

1.35 

.02§3 

1.3^!I 

1.^70 

8.16 

If 

L4ia 

h0m 

aao 

6.644 

L43 

.0348 

1.44ri§ 

1.7406 

S.1S 

*i0 

1.4B7 

i.m/t 

t.S2 

6.J489 

1.40 

.0346 

^491^ 

1.8215 

a22 
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Bazin^B  experimenU  on  weirs  ofirregiUar  section — Continned. 


Basin' 

8  Series,  No.  Id9. 

m 

^^^fe 

v^Ui 

Crest  length,  6.511  feet. 
Credt  height,  2.46  feet. 

^^m 

^a>»»^ 

Crow  sectton. 

Period. 

Obnerved 
head^ 
experi- 
mental 
weir  A 
In  feet. 

i;« 

Cx 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 
per 
second. 

r 

U 

//* 

c 

1 

2 

S 

4 

6 

6 

7 

8 

9 

10 

1 

0.234 

0.1132 

2.68 

0.303 

0.11 

0.0002 

0.'2342 

0.1132 

2.68 

2 

.304 

.1676 

2.75 

.462 

.17 

.0004 

.3044 

.1676 

2.74 

3 

.879 

.2333 

2.82 

.657 

.23 

.0008 

.3798 

.2342 

2.80 

4 

.387 

.2408 

2.82 

.680 

.24 

.0009 

.3879 

.2417 

2.81 

5 

.457 

.3090 

2.81 

.868 

.:» 

.0014 

.4684 

.3100 

2.80 

6 

.516 

.3707 

2.91 

1.079 

.36 

.0020 

.5180 

.3728 

2.89 

7 

.526 

.3815 

2.84 

1.0S5 

.36 

.0020 

.5280 

.3M36 

2.83 

8 

.599 

.4636 

2.82 

1.308 

.43 

.0030 

.6020 

.4671 

2.81 

9 

.664 

.Mil 

2.87 

1.653 

.50 

.0039 

.6679 

.5460 

2.84 

10 

.670 

.6484 

2.83 

1.552 

.49 

.0037 

.6737 

.5533 

2.80 

11 

.735 

.6302 

2.88 

1.813 

.66 

.0049 

.7399 

.6366 

2.86 

12 

.797 

.7116 

2.94 

2.092 

.64 

.0064 

.8034 

.7196 

2.91 

13 

.861 

.7989 

2.99 

2.389 

.72 

.0081 

.8693 

.8101 

2.96    ' 

14 

.876 

.8199 

2.94 

2.411 

.72 

.0081 

.8848 

.8311 

2.90 

15 

.986 

.9042 

2.93 

2.649 

.78 

.0095 

.9446 

.9172 

2.89 

16 

.991 

.9910 

3.01 

2.983 

.86 

.0115 

1.0065 

1.009 

2.96 

17 

1.068 

1.1087 

8.08 

3.333 

.94 

.0137 

1.0817 

1. 1256 

2.96 

1» 

1.126 

1.1W8 

3.10 

3.704 

1.03 

.0165 

1. 1425 

1.2204 

3.04 

19 

1.146 

1.2252 

3.06 

3.751 

1.04 

.0168 

1. 1618 

1.2526 

.  3.00 

20 

1.198 

1.3112 

3.08 

4.036 

1.10 

.0188 

1.2168 

1.3425 

3.00 

21 

1.261 

1. 4161 

3.11 

4.416 

1.19 

.0220 

1.2830 

1.4533 

3.03 

22 

1.320 

1.5166 

3.16 

4.777 

1.27 

.0261 

1  3451 

1.5599 

3.06    ' 

'a 

1.332 

1.5373 

3.13 

4.  K20 

1.27 

.0261 

1.3571 

1.5H08 

S.U") 

24 

1.389 

1.6370 

3.14 

5.  ViO 

1.33 

.0275 

1.4165 

1.6850 

3.06 

25 

1.445 

1.7370 

3.19 

h.r%A 

1.42 

.0313 

1.4763 

1.7932 

3.09 

Jj 

1.456 

1.7569 

3.19 

5.  (;14 

1.43 

.o:m8 

1.4908 

1.8188 

3.09 
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BomMb  experiments  on  u?ein  qf  irregular  uidian — ContinaecL 

Bu*jR^?  iStrit-a,  No.  1(50. 

Crcftt  width,  L31  feift. 
Ti-iqjreaBi  slope,  i  U>  L 


t*rrl*Ml. 

Obwrved 

un'Titnl 

ill  i\^v.i. 

/ii 

f'l 

Q,  Bow 

per  loot. 

mvutal 

welf,  in 

miblf?  feet 

veoond. 

ri 

*■ 
^ 

jr 

jii 

i? 

f 

s 

4 

a 

« 

7 

0.4US 

t 



asoaft 

t§ 

0.lirt 

o^dim 

%U 

O^AMO 

om 

%m 

,    .A0 

,mn 

2.m 

L0<»7 

.m 

.ooea 

.&H0 

.mm 

%m 

.en 

.litfr 

%H 

i.«m> 

.42 

.om 

.«i»T 

.4001 

%m 

.«« 

.law 

tm 

1.5MV 

.fio 

.0039 

.mm 

.«i<T 

^m 

.;>& 

,  .aaoa 

±m 

Lmis 

.57 

,00^1 

im 

*flM» 

%m 

.w 

.Tl«i 

itn 

2.071:1 

.M 

OUM 

.8044 

.nv 

%m 

.Mia 

.aoiT 

%n 

3,  sue 

.n 

.W7« 

.«T04 

*m> 

1L0 

*|I0 

.IMP 

%m 

%«>» 

.ffi 

.0U9& 

,mm 

,91410 

%m 

.MB 

.wm 

%n 

S.S»1D 

.M 

.0115 

Lom 

i.eiB5 

XM 

10 

httii 

ipim 

fkiji 

asaai 

,«5 

.0140 

x.&m 

l.lsit 

^« 

U 

1J3» 

hlfM 

t.m 

^as» 

not 

.VIM 

t.lMV 

un^ 

%m 

11 

Llft» 

i.son^ 

z.m 

a.W73 

hm 

,01» 

1.2U& 

L«M 

Ltt 

11 

h'JfH 

i.«Mi 

^m 

csafis 

i-ift 

.D90l» 

I.ie74» 

i,«ir 

nit 

14 

18» 

umm 

1.10 

€,nH 

1.2& 

OHI 

i.ssos 

L^6B6 

9.01 

tA 

tSM 

1.0870 

%u 

&|«B 

L»l 

.oaiTtt 

1. 4if» 

LttSir? 

101 

1« 

1,157 

LTGfT 

s.» 

6.SN6 

Li3 

.0913 

i.l«« 

t.ttlSl 

1.01 

Bazin's  Series,  No.  161. 
Crest  length,  6.543  feet. 
Crest  height,  1.64  feet. 


Jbk 


Crow  Mctfon. 


1 

0.298 

0.1627 

4.31 

0.701 

0.36 

0.0020 

0.8000 

0.1643 

4.27 

2 

.854 

.2107 

4.30 

.906 

.45 

.0031 

.8571 

.2138 

4.25 

8 

.413 

.2654 

4.26 

1.131 

.56 

.0049 

.4179 

.2702 

4.19 

4 

.472 

.3243 

4.23 

1.871 

.65 

.0066 

.4786 

.3314 

4.14 

6 

.629 

.3847 

4.22 

1.625 

.75 

.0087 

.6377 

.3946 

4.12 

6 

.581 

.4429 

4.25 

1.883 

.85 

.0112 

.5922 

.4665 

4.13 

7 

.639 

.5108 

4.24 

2. 1G7 

.95 

.0140 

.6680 

.5277 

4.11 

8 

.693 

.5770 

4.26 

2.458 

1.05 

.0171 

.7101 

.6988 

4.11 

9 

.750 

.6495 

4.28 

2. 782 

1.16 

.0209 

.7709 

.6770 

4.11 

10 

.804 

.7209 

4.31 

3.107 

1.27 

.0251 

.8291 

.7548 

4.12 

11 

.864 

.8031 

4.31 

3.461 

1.38 

.0296 

.8936 

.8462 

4.10 

12 

.919 

.8810 

4.32 

3.806 

1.49 

.0345 

.9535 

.9803 

4.09 

13 

.960 

.9406 

4.33 

4.078 

1.57 

.0383 

.9983 

.9970 

4.08 

14 

.992 

.9880 

4.30 

4.248 

1.61 

.0403 

1.0323 

1.0484 

4.05 

15 

1.019 

1.0287 

4.31 

4.434 

1.67 

.0434 

1.0624 

1.0944 

4.05 

16 

1.056 

1.0851 

4.28 

4.665 

1.72 

.0460 

1.1020 

1.1569 

4.03 

17 

1.083 

1.1271 

4.27 

4.826 

1.78 

.0493 

1.1323 

1.2044 

4.01 

18 

1.118 

1.1821 

4.24 

6.003 

1.81 

.0509 

1.1689 

1.2640 

3.96 

19 

1.157 

1. 2445 

4.17 

5. 171 

1.84 

.0526 

1.2096 

1.3310 

3.88 

20 

1.187 

1.2932 

4.16 

5.380 

1.90 

.0561 

1.2431 

1.8858 

3.88 

21 

1.225 

1.3558 

4.12 

5.378 

1.95 

.0591 

1.2841 

1.4650 

8.88 

22 

1.2(W 

1.4194 

4.09 

5.808 

2.00 

.0622 

1. 3252 

1.6262 

3.81 

23 

1.289 

1.4635 

4.11 

6.001 

2.05 

.0658 

1.3543 

1.6756 

3.81 

24 

1.826 

1.5269 

4.08 

6.242 

2.10 

.0686 

1.3946 

1.6476 

8.79 

26 

1.359 

1.5843 

4.08 

6.416 

2.15 

.0719 

1.4309 

i.ni8 

8.76 
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Bazin'H  Series,  No.  163. 
Crest  length.  6.585  feet. 
Crest  height,  1.64  feet. 


CroOT  section. 


PertoaJ 

OtMervtsd 
bead, 
expert- 
m«atiit 
If  elf  A 
m  feet. 

/^ 

r, 

q,  flow  I 

per  foot, 

Dient^ 
weir,  In 
cubic  feet 

ft 

ii       i 

2i/ 

H 

i^ 

€ 

d 

91 

4 

« 

1 

» 

« 

to 

1 

0.184 

0.0790 

I.B] 

0.901 

0.17 

0.0001 

a.iat4 

O.07W 

S.81 

1       1 

.1N4 

.1206 

3.  MS 

.468 

.-m 

.0009 

.2440 

.1213 

^Ml 

.309 

.1(if» 

».«*, 

.&I1 

.33 

,oofr 

.3047 

.16IM 

3.81 

.366 

.2215 

s.«a 

.850 

.42 

.ixrJ7 

.3687 

jmi 

S.79 

.*» 

.2751 

x^ 

J.053 

.51 

.0040 

.4270 

.2791 

H.77 

.4a6 

.3388 

3.ffil 

l.-2Bfi 

.61 

.0«5« 

.4915 

.3441 

3.76 

.S36 

.3924 

».»6 

\.hl'A 

.m 

.0074 

.5434 

.4001 

3.7S 

.59a 

.4fi(T7 

K.1M 

].7W 

.SI 

.msfi 

.13032 

.46^ 

a.  84 

1      « 

,653 

.ftfi?77 

!J,aj 

2.06S 

.w 

.01^. 

.6656 

.wa.'i 

3.80 

1     '" 

.7fla 

.Sf<«2 

1.04 

lS7fl 

1.01 

.0159 

.7170 

.OOiM 

3.90 

1      U 

.769 

,fi741 

».38 

2.6K3 

1.11 

.OlBit 

.7fl7K 

.m)^ 

3.84 

,>t27 

TSm 

4.02 

:i.023 

1.22 

.0231 

.H501 

.7837 

3.86 

13 

.88Si 

.KiSa 

4.02 

3.320 

1.32 

.0271 

.9091 

.866? 

3,M 

H 

.M9 

.9S4ft 

4.04 

3.73.5 

1.44 

.ofta 

.0812 

.0717 

3.84 

IS 

.S98 

.9«70 

4.06 

4.04J» 

1.S3 

.oa6j 

1.0»I4 

1.0514 

3.iS 

Its 

1.066 

t.€«(5] 

4.06 

4,425 

1.64 

.0118 

1.0ff78 

1,1505 

8.*5 

17 

1.U4 

L175** 

4.or» 

4.779 

1.74 

.0471 

1. 1611 

1.2fil0 

S.82 

iS 

1.171 

\.Wi% 

4.07 

5.16^ 

1      l.U 

.0536 

1.2235 

1.3541 

3,  S3 

i» 

LS91 

i,a»M 

4.07 

5.576 

1.94 

.0685 

1.2»tli5 

1. 41135 

3.  SI 

30 

tSte 

1.4567 

4.12 

6.014 

Z06 

.0660 

1.3510 

1.5703 

3.83 

21 

l.NK 

4.17 

6.461 

1.17 

.0732 

U4122 

i.«rre 

3.«& 

Bazin'8  Series,  No.  164. 
Crest  length.  6.634  feet. 
Crest  height,  1.64  feet. 
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Bazin'i*  e,rperimerUs  on  weirs  of  irregular  section — Continued. 


Bazin'N  Series,  No.  165. 
Crest  length.  6.544  feet. 
Crest  height,  1.64  feet. 
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3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


t 


0.337 
.401 
.464 
..S28 
.693 
.656 
.720 
.783 
.843 
.904 
.969 
1.029 
1.090 
1.153 
1.217 
1.279 
l.:«l 
1.401 
1.448 


D*   I 


0.1967 
.2540 
.3161 
.3836 
.4667 
.6313 
.6109 
.6929 
.7740 
.8696 
.9538 
1.0438 
1.1380 
1.2381 
1.3426 
1.4465 
1.5529 
l.l»5s;^ 
1.7424 


Q,  flow  I 
per  foot, ! 
expert-  I 
mental 
weir,  in 
cubic  feet 
per  i 
second.  , 


3.66 
3.66 
3.66 
3.56 
3.64 
3.54 
3.54 
3.56 
3.68 
3.61 
3.63 
3.63 
3.64 
3.66 
3.66 
3.68 
3.(»8 
3.  <19 
3.73 


0.696 
.9(M 
1.125  I 

1.363 ; 

1.618  I 
1.880  i 
2.162 
2. 461 

2.771  : 

3.103  , 

3.462 

3.789 

4.150 

4.526 

4.9(M 

5.:«6  ' 

5.7tH 

f>.  12:> 

G.490 


0.35 
.44 

.54 

.63 

.73 

.82 

.92 

1.02 

1.11 

1.22 

1.33 

1.42 

1.62 

1.62 

1.71 

1.83 

1.92 

2.02 

2.10 


J' 

^ 

V 

7 

1 

It 

1 

It  1 

1 

1  0.0UI9 

cKssafl 

011074 

L§i 

.U030 

.4010 

.««! 

^m 

.0045 

.4685 

.ma 

S.fil 

UO^ 

,5H2 

.3902 

3.49 

.OftS 

.WIS 

.4fleo 

3.17 

0106 

.6066 

.MS6 

3.4fi 

.0132 

.73^ 

.6!276 

^M 

.U16S 

.•mi 

.7141 

3.45 

,0192 

.IIB22 

,»003 

3.46 

u-^l 

.9271 

.SKB6 

a.  47 

0275 

.9905 

".9»40 

14S 

.0313 

Loeoat 

I.OOIS 

S.47 

.0369 

L13» 

Ll94a 

3.47 

,04W 

LlflQS 

l.aCHA 

».47 

.(MS6 

1.2^ 

1.4178 

S.44 

.Qfill 

1.3311 

1.SS55 

a.4fi 

.057S 

t.%W3 

i.«sao 

*,4fi 

.Orm 

L4«44 

1.7714 

^4fi 

.i»riNt; 

1.6166 

i.mm 

S1.47 

Bazins  Series,  No.  176. 
Crest  length.  6.')] 9  feet. 
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Bazin*tt  experiments  on  weirs  of  irregular  section — Continued. 
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CORNELL  UNIVERSITY   HYDRAULIC   LABORATORY/' 

Ls  laboratory,  erected  in  1898,  includes  a  reservoir  formed  by  a 
nry  dam  on  Fall  Creek,  at  Ithaca,  N.  Y.  An  experimental  chan- 
i  supplied  with  water  from  the  pond  and  has,  as  its  general 
asions,  length,  400  feet;  breadth,  10  feet;  depth,  10  feet;  lx>ttom 
5,  1:500.  Fall  Creek  drains  an  area  of  117  square  miles,  and 
is  a  minimum  water  supply  estimated  at  12  second-feet.  The 
iulic  laboratory  is  located  at  Triphammer  Falls,  where  a  descent 
9  feet  occurs.  The  weir^  used  in  the  experiments  here  described 
erected  in  the  concrete-lined  experimental  channel.  The  water 
ly  was  regulated  by  wooden  head-gates,  operated  by  lever,  rack, 
minion,  the  outflow  from  the  canal  passing  over  the  declivity  below. 

redacing  the  expert  men  t.«  at  Cornell  hydraulie  laljomtory  the  value  of  </ for  IthacH.  latitude 
altitude  500  feet,  ha«  been  Uiken  an  32.16,  makingi  2//  -M.02,.^--- 0.0155 17,  Jl  2y  ^5.35. 
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EXPERIMENTS  OF  UNITED  STATES  BOARD  OF  BNGINESB8  OK  DEEP 

WATERWAYS. 

These  experiments  were  performed  at  Cornell  Unhrersttf  hydianlie 
laboratory  in  May  and  June,  1899,  for  the  United  States  Board  of 
Engineers  on  Deep  Waterways,  under  the  immediate  direction  of 
Greorge  W.  Rafter,  engineer  for  water  supply,  in  conjunction  with  i 
Prof.  Grardner  S.  Williams.    The  results  of  the  original  compatatioiit  1 
were  published  in  Trans.  Am.  Soc.  C.  E.,  vol.  44,  together  with  as| 
extended  discussion.    In  the  experiments  a  closely  r^^Iated  Yoloma 
of  water  was  passed  oyer  a  standard  thin-edged  weir  which  was  placed 
near  the  upper  end  of  the  experimental  canal  and  had  a  height  of  18.  U 
feet  and  a  crest  length  of  16  feet,  end  contractions  suppressed.    Hie 
^  nappe  was  aerated,  but  was  not  allowed  to  expand  on  downstream  sida 
The  water  flowed  down  the  experimental  canal  past  a  series  of  screens 
and  baffles  and  over  the  experimental  weir  placed  at  the  lower  end  of 
the  channel. 

The  experimental  weirs  were  about  4.5  feet  high  and  6.56  feet  crest 
length.  A  leading  channel  of  planed  boards,  6.56  feet  wide  and  48 
feet  in  length,  extended  upstream  from  the  experimental  weir,  haying 
at  its  upper  end  flaring  sides  extending  8.8  feet  upstream  and  meeting 
the  sides  of  the  main  channel. 

The  head  on  both  weirs  was  read  by  means  of  open  manometers 
connected  to  ^Ivanized-iron  piezometer  pipes,  placed  horizontally 
across  the  bottom  of  the  narrow  leading  channel,  37  feet  upstream 
from  the  weir.  At  the  standard  weir  two  piezometers  were  used,  one 
termed  the  middle  piezometer,  placed  acrass  the  leading  channel,  8 
inches  above  the  bottom  and  10  feet  upstream  from  the  standard  weir. 
A  second  or  upstream  piezometer  was  placed  25  feet  upstream  from 
the  standard  weir.  Readings  of  both  piezometers  were  taken.  Itwas 
decided,  however,  to  use  the  middle  piezometer  as  the  basis  of  calcu- 
lation of  discharge  over  the  standard  weir.  Near  the  close  of  the 
experiments  it  was  found  that  this  did  not  give  results  agreeing  with 
those  which  would  have  been  obtained  from  a  piezometer  pl&^ed  flush 
with  the  bottom  of  the  channel,  as  is  shown  to  be  necessary  from  the 
experiments  of  H.  F.  Mills"  and  others.  A  correction  curve  was 
according!}'  deduced  from  comparative  experiments  between  the  middle 
piezometer  and  the  flush  piezometer,  and  the  readings  of  the  middle 
piezometer  thus  corrected  were  applied  in  the  Bazin  formula  to  calcu- 
late the  discharge  over  the  standard  weir  for  heads  not  exceeding  the 
limit  of  Bazin's  experiments.  For  depths  on  the  standard  weir  greater 
than  2  feet  the  discharge  was  computed  by  using  coeflicients  deduced 
for  higher  heads  on  a  shorter  experimental  weir,  on  the  basis  of  the 
Francis  formula.     Owing  to  the  uncertainty  as  to  the  piezometers  and 

a  Mills,  H.  F..  Experiments  upon  piezometerH  used  in  hydraulic  investigations,  Boston,  1878. 
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ler  conditions,  the  original  results  of  the  experiments  were  credited 
th  a  possible  error  of  5  or  H  per  cent. 

[n  connection  with  the  exi>erinients  on  models  of  the  Croton  dam,  a 
IT  thorough  comparison  of  the  so-called  upstream  piezometer  with 
icr  methods  of  obtaining  the  head  on  a  standard  weir  was  made  by 
yfessor  Williams.  It  wa«  found  that  the  upstream  piezometer  gave 
'actual  head  on  the  standard  weircorrectlj'.  These  results  werecom- 
micated  to  the  writer,  and  a  recomputation  of  the  Deep  Waterways 
[)criments  has  been  made,  using  readings  of  the  upstream  piezome- 
to  calculate  the  standard  weir  discharge  by  Bazin^s  formula.  This 
thcxl  of  calculation  eliminates  the  necessity  for  correcting  the  pie- 
neter  readings  at  the  stiindard  weir,  as  was  necessary  in  the  previous 
luctions.  The  discharge  over  the  experimental  weir  has  been  cal- 
ated  from  readings  of  a  piezometer  plaired  38  feet  upstream  from 
'  weir  and  8  inches  above  channel  bottom,  corrected  to  the  basis  of 
iish  ^)iezometer. 

The  United  States  Deep  Waterways  experiments  included,  for  each 
)erimental  model,  a  smaller  number  of  heads  or  periods  than  either 
'  ( -roton  or  United  States  (Geological  Survey  experiments.  They 
re  also  the  first  ex{>eriments  of  th(^  kind  conducted  at  the  Cornell 
^)ratory,  and  the  experience  gained  has  probably  contributed  to  the 
iiring  of  somewhat  great(M*  accuracy  in  the  later  exptn'iments.  It  is 
ieved,  howev(»r,  that,  as  recomputed,  the  United  States  Deep  Water- 
ys  experiments  do  not  differ  much  in  accumcy  from  those  made  on 
dels  of  the  Croton  dam,  which  are  stated  by  John  K.  Freeman  to 
reliable  within  about  2  per  cent.  The  coefficients  obtained  by 
omputation,  when  compared  with  the  original  United  States  Deep 
iterways  coefficients,  show  few  differences  exceeding  2  per  cent, 
e  variations  are  plus  and  minus  in  alK>ut  ecjual  numbers,  and  it  is 
ieved  that  these  experiments  an»  entitled  to  greater  weight  than 
y  have  hitherto  received. 

n  the  accompanying  tables  a  summary  of  the   recomputation   is 
en. 
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imputation  of  Uniied  Stales  Deep  Wakrways  Board  experimerUs  onflow  of  water  over 
model  dams,  Cornell  Unirermty  hydraulic  laboratory,  1899 — Continued. 
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Coluitin  5  ^howK  the  diwi^harge  over  thi*  exptnnoipntal  wTir  p<*r  fiK>t 
f  irrertt,  deduced  from  the  reading  of  the  iip^^trcrHiu  piezometer  at  tk 
andard  wpir,  bv  Ba/irfH  formnia^  and  corrected  for  flight  k^ka^'. 

^tJoIiiniii  3  show^  tho  head  on  the  experiiiieiitiil  weir,  in  centiniel^^rs 
IkfiD  by  a  piezomet/er  38  ftH*t  a{>Mtreaiii  and  H  inches*  aiwve  chanmtl 
ixittom^  tvori-eeted  to  redueo  it  to  the  Q<|iiivaletit  rt^ading  of  the  flush 
piesfioiueter. 

Column  \  -shows  the  equivalent  head  in  feet. 

Column  ti  ?*how8  the  abi*oIute  velocity  of  appnmeh. 

Column  T  i>how!S  the  velocity  head. 

Column  y  shows  the  head  eorreeted  for  veloeitj  of  approach;  the 
correction  being  made  by  the  4*iniple  addition  of  the  velocity  head  to 
the  measured  head,  which  it*  as^smned  to  l*e  a  sufficiently  precii*e  equh* 
aletit  to  the  Francii^  correction  formula  for  thi?*  purposie. 

Column  ^  give^  the  coetEcient  (\,  deduced  from  the  foregoing. 

The  resulting  coefficient  diagrams  are  shown  on  Pis*  XV  to  XVI II 
inclusive* 

EXPEKIMENT8    AT    COKNKIX    UNIVERSITY    HYUIUULIC    LABOEATOKY    O^ 
MODELS  OF  OLD   CKOTON    DAM/' 

The^e  experiment's  were  made  in  NQveml>er  and  December,  18J*vK 
by  Prof.  Gardner  S.  Williams,  under  the  direction  of  John  R.  Free- 
man.     The  standard  weir  used  was  located  near  the  head  of  the  experi' 
mental  canal,  water  being  admitted  and  regulated  b}-  head-gates  in  tb^ 
usual  manner.     The  standard  weir  was  11.25  feet  high  and  16  fee^ 
long  on  the  crest.     The  experimental  weir  was  placed  232.5  feet  far^ 
ther  downstream,  and  also  occupied  the  full  width  of  the  experimental^ 
canal.     The  models  of  the  Croton  dam  were  constructed  of  framecJ^ 
timber  and  were  6  to  9  feet  high. 


a  Report  on  New  York's  water  supply,  irTeematv,  \«»,  vv-  \^»-Ul. 
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'.ad  on  the  weirs  was  measured  by  means  of  open  glass  manom- 
inected  to  piezometer  tubes  in  the  channel  above  each  weir, 
ometer  tubes  were  made  of  1-inch  galvanized-iron  pipe  with 
les  drilled  along  the  sides,  the  ends  being  plugged.     At  the 

weir  three  piezometers  wore  used,  plac^ed  parallel  to  the.  cur- 
ibout  mid-depth  of  the  channel,  one  being  near  each  side  and 
lid-width  of  the  channel,  the  mid-length  of  the  pipes  being 

upstream  from  the  standard  weir.  A  hook  gage  in  the  same 
¥HS  used  to  check  the  observed  head. 
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menis  on  volume  of  flow  over  models  of  old  Croton  dam,  Cornell  University  hydrau- 
lic laboratory,  1899 — Ck)ntinue<i. 
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the  experimental  weir  two  nimilar  piezometers,  each  about  one 
of  the  width  of  the  channel  from  the  side,  were  used.  Owing 
e  long  back  slope  of  some  of  the  model  dams,  the  head  was 
Lired  69.75  feet,  upstream  from  the  crest  of  the  experimental 
1.  Readings  of  all  the  piezometers  were  taken  at  half-minute 
rals,  two  and  sometimes  three  observers  working  at  each  weir, 
mean  of  ten  to  twenty  observations  was  used  to  determine  the 

for  each  period  in  the  experiment.  Freeman  states  that  he 
ders  the  results  of  these  experiments  for  heads  up  to  2.5  feet, 
ding  all    sources  of    errors,    as  certainly  correct  within   2  pei* 

and  probably  much  closer.  In  reducing  the  experiments,  the 
on  the  experimentiil  weir  is  corrected  by  a  method  comparable 
that  of  Francis.  Freeman  does  not  give  the  resulting  coefficients 
le  weir  formula,  but  ])resents  the  lesults  in  the  form  of  diagrams 
ing  the  discharge  per  foot  of  crest  for  the  various  models.  In 
ccompanying  tables  the  computations  have  been  carried  out  to 
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show  the  coefficients,  some  errors  in  the  ori^nal  data  having  beeo 
omitted. 

Column  3  shows  the  observed  head  on  the  experimental  dam,  in  feet 

Column  7  shows  the  computed  discharge  over  the  experimental  dam, 
per  foot  of  crest.  This  was  determined  by  calculating  the  duschaiige 
over  the  standard  weir  by  means  of  both  the  Francis  and  Bazin  for- 
mulas, the  mean  of  the  two  having  been  used.  The  result  corrected 
for  slight  leakage,  divided*  by  16  (the  length  in  feet  of  the  experi- 
mental weir  model),  appears  in  column  7. 

Columns  4  and  5  show  the  velocity  of  approach  and  the  correspond- 
ing velocity  head  at  the  experimental  weir.  The  velocity  of  appronch  I 
correction  was  made  by  adding  directly  the  velocity  head  as  given  to  I 
the  observed  depth  on  the  model  dam,  this  being  considered  a  suffi-  | 
ciently  close  approximation  to  the  Francis  method  of  correction. 

Columns  1  to  7  are  taken  from  the  original  computations.  The 
coefficient  C^  has  been  computed  from  the  data  in  columns  6  and  7  by 
the  formula 


^•1  = 


^_ 


Pis.  XIX  to  XXII  show  the  resulting  cocfiicients  applicable  in  the 
formula  here  adopted, 

correction  for  velocity  of  approach  being  iiiude  by  the  Fram'it*  <5orrec- 
tion  formula  or  an  eciuivalcnt  method. 

These  experiments  were  porfornied   for  the  specific   purpose  of 
determining  the  discharge  over  the  old  Croton  dam.     They  include 
two  main  groups:  (1)  Experiments  on  round-crested  portion  of  the 
dam;    (2)   experiments  on  the  angular-crested  portion  of  the  dam. 
Each  group  includes  series  of  exptM-inients  on:  {a)  Model  of  smooth- 
planed  pine;  {h)  model  of  unplaned  plank;  {c)  model  with  cleats  and 
fragments  of  stone  on  the  upstream  slope  to  simulate  the  natural  bai'k 
tilling;  {d)  model  with  rough  slope  and  with  tl-inch-mesh  wire  cloth  on 
crest  to  simulate  cut  stone;  (<0  model  surmounted  by  12-inch-square 
timber  on  crest.     Experiments  wore  added  with  a  construction  to 
simulate  a  natural  rock  ledge  lying  upstream  from  the  angular  portion 
of  the  dam. 

The  experiments  were  al)broviated  owing  to  lateness  of  season  and 
trouble  from  air  in  the  gage  pipes. 

The  value  of  the  results  is  limited  by  the  narrow  range  of  heads 
covered.     The  models  were  of  unusual  forms,  and  show  some  peculiar 
ditferences  when  an  attempt  is  made  to  compare  the  results  with  thost? 
of  other  weirs  of  similar  slopes.    The  data  are  of  value  as  showing  tlm« 
ejffe<*t  of  various  degrees  of  roughness  on  the  discharge. 


U.  A.  QEOLOOICAL  tURVCY 


WATER-SUPPLY  PAPER  NO.  1B0     PL.  XIX 


Cbefll- 

cient 

C. 


Corrected  head  n  in  feet. 

.8  1.0  1.2  1.4  l.A  t-M  2-0  «-2  %l  «-A  «>  H,0 


3L«(I 

n 

— 

— 

^ 

' — ' 

— 

-^^ 

n 

n 

"1 

1 

— 

■-^ 

- — 

— 

— 

^10 

N 

SI 

5ff f^   / 

,^b^^ 

A 

^ 

Sttf^ 

'^ 

^^ 

**>. 

Q  ' 

■"^1 

^ 

^V^'-^/^"* 

<.'- 

T^ 

.,,| 

13 

F= 

"  i' 

xoo 

' — 1 

1 

J 

5? 

9y^ 

^ 

t&i 

^Ui  u 

"1 

-^ 

r 

r 

S.20 

U 

npfan 

^n 

k 

—  W3 

-^ 

^ 

J^'h 

^00 

•\ 

rfl 

r^ 

-^ 

^ 

_ 

-fffe^ 

-^ 

2.80 

j:: 

"^ 

.__ 

^ 

^ 

f 

- 

-^ 

r 

-1 

5* 

€^,t:i 

z 

^MOD 

%L 

A 

3.40 

3.  JO 

ff\ 

h^ 

o^ 

f\ 

sk 

P*^ 

(Tm 

^ 

^ 

J 

^ 

O)- 

33= 

^ 

"~ 

— 

-4. 

^^ 

^ 

?: 

©■ 

<s? 



_ 

!j 

1 

3^10 

5fffj 

jr^ 

J 

.  M 

oo 

£L 

A 

! 

N 

A 

y?, 

r^ 

^^ 

s/cJOi? 

rf/7 

[/k^ 

fir 

s  c 

J&^ 

h  On€^^ 

^t 

%Ai 

■^ 

ik. 

^ 

'T^ 

^ 

^ 

-J^^— 

^_A'^^ 

/ 

S.00 

^ 

_J 

0        J        *l        **        A        i.u       li       J, I       i,ft       LI       2.0       a,?       a,*       a.o       g.a      3,0 

Currvcted  head  II  in  foot. 


^^04 

6.0'  -i^^ZS 


SERIES  la,  MODEL   A  ^       y^ 


EXPERIMENTS  ON   ROUND-CRESTED   MODELS  OF  OLD  CROTON   DAM. 

I£E  150—06 9 


Li.    S.   GEOUXUCAL  SURVEY 

0  Jt  A  A 


Corrected  head  H  in  feet. 
.S         LO         1.1         1.4        1.6        1.8        2.0 


WATER-80PPLY  PAPER   NO.   IM)      PL.  XX 

%Ji      tA 


~ 

~ 

" 

^ 

t.*neffl- 

sJ 

Mi 

H 

/, 

A^^e^fiJ 

fi 

r. 

^/ 

^ 

r/r 

[ef 

^^r.>t 

0- 

4^0: 

ff 

n> 

(?n 

— 

-^ 

r 

3.i0 

^a 

^ 

XM 

_ 



_ 

1 

- 

^ 

~ 

~ 

~ 

"" 

■^ 

f-m- 

O 

s5£ 

m£^ 

s. 

modAl 

a 

A 

3* 

ff/t& 

i, 

fl*t?O^L 

a 

CO 

Af7 

/A' 

/^ 

5 

3.W 

\ 

J 

L 

— f 

IV 

^— 1 

^" 

^ 

^ 

»m 

?-/ 

#i/^wi. 

^o 

^ 

*  J 

J 

Fff 

'i 

G6 

3.60 

"3 

i 

-3 

r^ 

f. 

— 

^ 

— 

— ' 

3 

[— 



^ 

r 

r^ 

'1 

^ 

^T 

a.40H 

1 

^ 

, 

1 

n 

" 

£j 

r^j 

/■^ 

J 

M 

5/? 

ri 

fl" 

> 

row 

^^ 

*> 

o(. 

?■ 

i^f 

f 

<^ 

H 

(V 

T^w 

k 

/ 

3w60 

— 

^ 

1 

_r 

1^ 

^ 

EU 

(* 

— 

^ 

^ 

-CE 

SwM 

J 

J 

J 

_i 

.6  .8  1.0        1.2         1.4         1.6         1.8        2.0         2.2        2.4         2.6        2.8 

Corrected  head  Hin  feet. 


3£/fl£S    1  ANB   Z, MODEL  B 

SEmeS  3f         MODEL   B,  ffOUGH  SLOPE 


EXPERIMENTS  ON  ANGULAR-CRESTED   MODELS  OF  OLD  CROTON   DAM. 


U\  <i 


J.    S.   GEOUXSICAL   8URVEV 

0  J  .4  .« 


Coirected  head  H  in  feet. 
1.0         1.1         1.4         1.6         1.8         2.0 


WATER-SUPPLY   PAPER   NO.    150      PL.  XX 
«.>        S.4 


^ . 

deal 

^1 

'^^ 

ES 

/, 

^ 

OQ 

^^ 

a 

i\ 

Uf 

^ 

brH"! 

(^ 

1? 

70, 

rr 

m- 

_^ 

qr 

I^ 

r 

^^" 

^^ 

^ 

n.w 

_ 

_1 

_ 

1 

^ 

1 

O 

J£ 

/?/f^ 

z. 

MOOi 

L 

fl 

A 

5^ 

wts 

^' 

|A#(?£?i 

X 

a 

CO 

^? 

tff 

^f 

3 

J 

L 

^ 

f>- 

i/. 

^ 

Jffl 

\d  pfA 

.rJ< 

flo 

p. 

^  J 

^ 

Hf 

■^■m 

fiifi 

3.60 

~3 

\ 

ii 

~n 

r 

f 

^ 

fe= 

— 

^ 

1— 

— 

" — ' 

% 

< 

)^ 

S.40 

^ 

-J 

J 

^ 

n 

■"^ 

- 

5j 

:^j 

J^ 

3 

nA** 

DfJ 

^i 

ff 

/ 

'ot/ 

i*^ 

.^> 

0f 

7- 

*V/ 

r* 

c/. 

u 

^/ 

'  c 

'^ 

k 

360 

J^ 

^ 

^ 

4i 

a 

r*^ 



-^ 



^ 

-& 

n 

3.40 

L 

1 

.4  .0  .8  1.0        1.2         1.4         1.6        1.8        2.0         2.2        2.4         2.6        2.8 

Corrected  head  Hln  feet. 


3£/r/£5    1  ANB    Z, MODEL  B 

SEfflES  J,         MODEL   B,  ffOUGH  SLOPE 


EXPERIMENTS  ON  ANGULAR-CRESTED   MODELS  OF  OLD  CROTON   DAM. 
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WATER-SUPPLY   PAPER   NO.   150      PL.  XXl 


£ 

<» 

vw 

tj 

Jlt*^ 

w. 

c 

— ' 

^— 

r 

— 

^l» 

A 

iJ 

m 

E. 

'il*^fi 

0£ 

l_ 

c^ 

££ 

/vr 

fA^ 

m 

t 

^ 

S^ 

^ 

,_ 

=3^ 

ft= 

=^ 

££ 

^ 

~" 

— 

t_J 

i^ 

^ 

=s 

t 

— 

— 

— 

s 

^ 

_ 

u 

f 

: 

^ 

'  ' 

^ 

, 

^ 

_ 

^£^ 

, 

"^ 

^~ 

_ 

B 

&> 

-4 

le^ 

^ 

l~ 

^~' 

■  ■ 

— 

— 



^ 

" 

*       1.0       i.s       1.4       i.e       i.n 

CorTwtwl  heiul  //  in  ffrt. 


2.0         «.«         8.4  «.e         8.8         S.0 
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tales  Geological  Surref/  e£j)enmenU  at  Cornell  University  hydraulic  lahnraiirry  on 
model  of  Plattslmrg  dam — Continued. 

K  XXXI.     Heifirht  of  weir^i*.  11.25  feet;  lenfrth  of  wt'ir  vu^st  =  L,  7.WJ8  feet:  width  of  chan- 
iel='>,  15.970  feci;  height  of  upHtream  crest  corner,  10.50  feet:  width  of  crest,  3  feet.] 


Measured  head  on  experimen- 
tal weir,  in  feet. 


Num- 

UTOf 

obwr- 

va- 
tioiiH. 


25 
15 
44 
21 

:<9 

40 
26 
25 
30 
18 
40 
19 


Maxi- 
mum. 


5.1003 

4.2X73 

3.6W93 

2.  H213 

2. 2713 

l.'S^m 

.  9t»73 

1.8793 

.6093 

.6073 

.3023 

.3003 


Mini-  ;  Mean 
mum.      =D. 


area  of 
I  section 

per 

\  foot  of 

crest. 


mean 
veloc- 
ity 
of  ap- 
proach, 
in  feet 

per 
second. 


Head  corrected 

for  velocity 

of  approach, 

in  feet. 


ui 


I 


4. 9273 

4. 1093 

3. 5253 

2.8003 

2. 21)23 

l.:i813 

.  W>.\H 

1.8723 

.0083 

.<i0(>3 

.2993 

2993 


5. 0014 

4.2214 

3.6191 

2. 8l8r> 

2. 26% 

1.3861 

.  9tkW 

1.8749 

.6087 

.  6(Mi3 

.3017 

.  :wi7 


259. 535 
247. 078 
ri07. 460 
'221.674 
215.  7.S0 
•201.998 
195. 094 
20l>.  ei05 
1K9.  :JK3 
lS9.:i45 
184.  171 
184.481 


I 


1.201 
.945 
.  35<; 
.  5')1 
.  412 
.20C) 
.125 
.  326 

Am 

.  (.»2() 
.021 


11.2:7 
.H.7U 

<;.  890 

4.743 
3.  425 
l.fKW 
.  950 
2.  570 
.  475 
.472 
.  I(i5 
.  liMi 


Jf 


Q=diM- 
cbarge 
I  per 
foot  of 
j  cre«t. 
I  in  cu- 
ibicfeet 
I  per  I 
second.! 


Di8- 
chanre 
coeffi- 
cient C'l. 


4.235  i 

3.621  ' 

2. 82:^ 

2. 273 

1.387 

.  966  i 

1.876  I 

.609 

.60<'.  I 

.:h)1 

.302  ] 


10 

41.925 

31.086 

23.868 

16. 170 

ll.r>45 

5.338 

3. 1'20 

8.814 

1.562 

1.45<J 

.469 

.  190 


3. 724 
3.  ri67 
3.  164 
3.409 
3.377 
3. 2«)9 
3.284 
3. 4-29 
3.28X 
3.083 
2.838 
2. 956 


Z=ef- 
fectlve 
length 
of  crest 
weir. 


12 

7.436 
7.514 
7.580 
7.656 
7.711 
7.799 
7.841 
7.750 
7.877 
7.877 
7.908 
7.908 


».  XXXII.     Height  of  wcir-/*  11.25  feet:  length  of  weir  cre8t  =  /v,  7.979  feet;  width  of  chan- 
lel  -^.  15.970  feet;  height  of  upstream  cre.st  corner,  9.75  feet;  width  of  cre.«<t,  3  feet.] 


10 
2:i 
26 
34 
32 


31 
28 
53 


2.1193 
4. 0313 
2. 6693 
.9953 
5. 5543 
4.7343 
4.0173 
3.  m^3 
2.  :^]Z 
1.9913 
1.4113 


I 


2.0943 
3. 988:i 
2.  («« 
.992:^ 
5.29h:^ 
4.6443 
3.9hH:{ 
3. 2673 
2.5193 

1.4023  i 


2. 1173 
4.00:'>:i 
2.  (V469 
.91M2 
5. 4712 
4. 6917 
4.  (K)07 
3. 2890 
2.  5.^96 
1.98U1 
1.4015 


I 


213. 476 
243. 627 
221.934 
195. 540 
267.  CK« 
2^4.  (W7 
240.8(«S 
232.188 
220.  539 
211.2.H.') 
•202.  (M4 


0.0O4 
.928 
.  5:35 
.135 
1.404 
1.141 
.9*25 
.701 
.  506 
.  ;457 


081 
05.'» 
317 
992 
855 
2:^ 
040 
9H.4 
104 
7W 


1117 
4.018 
2.651 
.994 
5. 487 
4.714 
4.013 
3. 296 
•2.564 
1.982 
1.402 


11.029 

3.580 

29.846 

3.706 

15. 398 

3.567 

3.342 

3. 370 

50. 440 

3.924 

38. 704 

3. 782 

29.  :J95 

3. 656 

21. -278 

3. 55«» 

14.  160 

3.524 

9.«y*6 

3.471 

5.704 

3.434 

7.767 
7.577 
7.714 
7.880 
7.430 
7.508 
7. 578 
7.649 
7. 723 
7.  7S1 
7.839 
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puted  in  cubic  meters  per  second  and  has  been  redooed  to 
feet  per  second,  the  discharge  table  beinsf  as  foHowa: 

Discharge  over  standard  weir  at  d^erenl  head$. 


Head,  in 
meten. 

Q  in  cuMc 

meten,  per 

second. 

HeMl.in 
meten. 

Qln  cubic 

0.05 
.10 
.15 
.20 
.25 
.30 
.40 
.50 

0.111863 

.296230 

.53207 

.81166 

1. 12871 

1.48032 

2.27850 

3.19350 

0.60 

.70 

.80 

.90 

1.00 

1.10 

1.20 

4.21730 
5.34459 
6.57096 
7.89078 
9.30650 
10.81066 
12.40420 

The  discharge  curve  for  the  standard  weir  has  also  been  carefully 
checked  by  comparing  the  depth  flowing  over  with  that  on  a  similar 
weir,  using  the  formula  and  method  of  determining  the  head  adopted 
by  Fteley  and  Stearns;  it  has  also  been  checked  by  float  and  cur- 
rent-meter measurements,  and  for  lower  heads  by  means  of  volumetric 
measurement  of  the  discharge  in  the  gaging  channel,  do  that  it  is 
believed  that  the  discharge  in  these  experiments  is  known  within  1  or 
ti  per  cent  of  error  as  a  maximum. 

The  work  of  calibrating  the  standard  weir  had  been  accomplished  by 
Professor  Williams  and  his  assistants  before  the  experiments  of  the 
United  States  Geological  Survey  were  taken  up,  so  that  somewhat 
more  certaint}^  attaches  to  the  results  of  these  later  experiments  than 
to  earlier  experiments  made  before  the  standard-weir  discharge  had 
been  thoroughly  cheeked. 

It  was  the  wish  of  the  Geological  Survey  that  the  conditions  at  the 
experimental  weirs  should  conform  to  those  actually  existing  at  dams 
which  are  utilized  as  weirs,  in  connection  with  the  stream-gaging 
operations.  In  such  cases  it  is  often  impracticable  to  utilize  gage  pits 
of  the  form  adopted  by  Bazin  or  to  use  piezometer  or  hook  gf^es. 
The  usual  method  is  to  read  the  depth  directly  on  a  graduated  vertical 
scale  or  measure  the  distance  to  water  surface  from  a  suitable  bench 
mark.  The  method  adopted  in  the  weir  experiments  consisted  of 
reading  directly  the  distance  to  water  surface  from  bench  marks 
located  above  the  central  line  of  the  channel.  The  readings  were 
taken  by  means  of  a  needle-pointed  plumb  boh  attached  to  a  steel  tape 
forming  a  point  gage,  readings  being  taken  to  thousandths  of  a  foot 

Two  gages  were  used,  one  located  10.8   feet  upstream  from  the 

crest  and    another   16.059   feet   upstream.      In   series  XXXV  aud 

following,  for  the  higher  heads,  the  readings  of  the  upstream  tap^ 

were  used.     For  heads  where  no  general  difEerence  was  apparent  th® 

average  of  the  rea^*  '  ♦be  two  tapes  w«k»  t».VLfcxi.    \\i  \^\msw\.,^^ 
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x^  curve  did  not  perceptibly  affect  the  reading  of  the  gage  nearest 
veir  for  depths  below  3  feet.  The  readings  of  the  tapes  were 
icd  from  time  to  time  by  observations  with  hook  gages,  thus  prac- 
y  eliminating  the  effect  of  temperature  on  the  tapes.  Observa- 
of  the  head  were  usually  taken  at  intervals  of  thirty  seconds, 
t  care  was  used  to  maintain  a  uniform  regimen  of  fiow  during 
experimental  period,  and  the  variations  of  head  were  very  slight, 
character  of  the  observations  is  illustrated  by  the  following  data 
i  from  the  experiments: 

Readings  of  tapes  Uj  determine  head  at  experimental  weir. 


Series  XL. 
Period  10. 
Date     6.22,03. 

Series  XLI. 
Period  5. 
Date     6,23,03. 

Time. 

1 

Readings. 

Time. 

Readings. 

h.      m.      i. 

h.      m.      g. 

12    37    40 

42.681 

1    34    30          43.633 

.681 

.632 

.680 

.633 

.681 

.630 

12    39    00 

.682 

.630 

12    62    30 

42.680 
.681 
.680 

.633 
.635 
.6:^5 

.679 

.634      j 

12    54    30 
Mean 

.680 

.633      ' 

42.6805 

.630 
.635 
.630 
.635 
.635 
.633 

Series   XLIII. 
Period  3. 
Date     6,26.08. 

Time.                  ReadingH. 

.6:^ 

A.      m.      «. 

12    36    20               2.3a5 

.630 
630 

12    42     10 
Mean 

.302 
.302 
.302 
.  301 
.302 
.301 
.300 

1     51     20 
Mean 

.630 
.630 
.634 
.630 
.628 
.630 
.  632 
.628 

2.3015 

.631 

\ 

^      4^,^\1 

id 
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Fur  the  U>wer  hi*adw  the  dischar^^fe  over  the  experUueiitfU  wdrti 
volume trimlly  tkt^niiincd  by  measuring  the  rim  of  water  in  the  cssil 
E!^  folkiWi*: 

LiM  of  fTiMfrlmctitai  }>^iodjt  for  ufMeh  l/uf  dhwhoirffe  vmm  wluifnetrii^aU^  fff^trmrfi^L 


Berim 

Ptrtod*. 

B6tkA 

talo& 

6«ti«i^ 

nMddL 

.16 

1,1:5,  14,  Ifi 

I 

44 

1.2,3 

31 

10,11 

40 

1,2 

45 

1.2.3 

34 

1,9,10 

41 

13,14 

m 

1,2,3 

37 

5" 

43 

1,^,3 

47 

1,2.3 

38 

5,6 

43 '» 

1,2,3.4 

VniiM  t^in  O&doffieat  i^rtw^v  ^-rp^fmi^rttK  at  (hrrieU  l^iivfrinip  kydrutdit  laharolan^^ 

modfl  nf  PlaWihurg  dtiffi. 

[8«iii»  No.  KXX.     HetKbi  or   weir- ./^  11*25   f**t?t;  leiiirth  *il  wHr  (tn^t^i;,  16.96^  fetfi;  <idth« 
ehftiiuel=&.  l-%.U"Ufi't.*r;  height  (*f  iHwtrmm  enwt  (yiriiL^r,  lO.W  twt'  c^e*i  wUlLli.  a  feei,] 


Xp. 

taJ  weir,  in  ftei. 

A^^l  (if 

Til  re«t 
titid. 

for  velwfty 

of  appfdarfi, 

in  feet. 

footuf 
in  t'U- 

btc  fiJi't 

otid. 

tteiil 

Vft- 

mum, 

//i 

if 

t 

f 

8 

i 

S 

« 

1 

» 

9 

It 

11 

«z ' 

0.<J1J93 

O.OflM 

0,^ 

1LH7 

0.007 

&.um 

0.0M 

O.0AI 

a.®&' 

81 

.7WB 

.7863 

■2.  7S0  [  H.  (Ml 

Ll.^ 

1710 

±R10 

mais 

I.WS 

39 

^.tmi 

a.HT3 

3.1S7     H.43« 

1.39« 

fiw^ 

a.ai6 

20,1JI2 

3.499  \ 

W 

2.mtB 

2.ftl7;i 

2,!feM      i;ie35 

.9^ 

3,710 

2.886 

13-©! 

1L40& 

2^ 

i.im 

1,7853 

L7yi^    ixtm 

.D£Ut 

a,ii2 

1.7W 

Sv^m 

S,*31    ' 

5E7 

MKUH 

L  17^ 

III*      1-2- 42S 

.H2^ 

L'lJ* 

M76 

CSHft 

3,4M 

IS 

i.oian 

1,0013 

l.OJfJ     lA3iy) 

,2«0 

i.oir, 

1.011 

3.a% 

^m\ 

1» 

.mvw 

,«tJ«i 

.W2    in-ar^ 

,200 

.7l& 

.»» 

2.109 

3.34* 

^ 

,ft113 

mu 

an    11  siH 

.IIW 

1^1 

.ttM 

i.flos 

»,»4A 

10 

24 

,r«s3 

J4m 

.&(«     U,7-*«« 

.J02 

mi 

.-■tOi 

Ll» 

3.ara 

u 

Ifi 

H2«j 

.  lH'Ai 

.12T  .   t|,<i7« 

JJT'J 

,^> 

.m 

.im 

3.u*ifr 

12, 

2D 

.2IM3 

rjms 

.2*1 '  n.wi 

.om 

,i:.7 

.-m 

<Ria 

a.  ^4 

in 

Si£ 

.2SKi;i 

.3*ftJ 

.'j^£ '  n,.M3 

.041 

,irj8 

.•m 

.1»M 

a,a» 

14 

:n 

,17*3 

j7rNi 

,17J*  '  11.1^7 

JYll 

Am 

A7n 

.W 

3.2U^   ' 

th 

:f4 

.I7»a 

,I71S^ 

.m  '  ii.4-<rj 

(mj 

,07G 

,m 

.m 

3,»7« 

1« 

w 

,0IC|IN 

.IIWDM 

.^*w  1  ii.:h» 

.Ot.7 

Afll 

.wo 

.im 

%Hi 

IT 

ad 

i,m7^ 

1.5303 

l.liis 

1±7^ 

.S17 

l.tftM 

l.wfl 

^m 

?,47t 

1« 

:% 

^ukta 

2A\im 

"■^ 

IS.  Ma 

.m 

3,0&l 

2.104 

m.m 

S^lfiA 
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ei<  (icological  Survey  expenmeiUi  at  Qirndl  Unirersity  hydraulic  laboratifry 
an  model  of  (luimhly  dam, 

XXXV.    Heiifht  of  welr=P,  11.25  fevt;  leiiKth  of  weir  crest-Z,  lft.969  feet;  width  of 
\=b,  1.5.970  feet;  height  of  upstream  (-rcMt  comer,  10.25  feet;  width  of  crest  4.5  feet,] 


Mnw*urc*3  head  on  exywrimfii- 
tal  wt'ir,  in  feet. 


Num- 
ber of 
obser- 
va- 
tions. 


.1  = 
area  of 
section 


Maxi- 
mum. 


Ll- 


Mini- 
mum. 


Mean 


mean 

v«»loc- 

ity 

I  of  ajH 

.•re.t.    "y«' 
'second, 

I 


I 


I 


W  2. 
.5,5  ;  1. 
40  I  1. 

40  2. 
38  I  1. 
45     1. 

41  I  . 
48       . 

20  i  . 
IH  .  3. 
17  I  3. 

17  I  3. 

18  I  2. 

23  j  2. 
22  I  1. 
37 

•^1  . 
nl  . 

24  '  . 

21  I  . 
•J4 

19  I  . 

20  '  . 


550:^ 
0103 
5643 
0273 
7513 
2673 
7593 
4453 
3043 
7303 
2193 
0023 
6743 
:<o:J3 
4923 
2103 
3913 
3313 
2523 
21W 
\M'.\ 
1323 
0H2:^ 


2.5463 
1.006;j 

2.0133  I 

].7:itt< 

1.25H3 

.7M3 

.  4:rr3 
.:joo:i 

3. 7(XW 
S.1K13 
2.9873 
2.  (M'i 
2. 3283 
1.4873 
.209:^ 

.:{9o:< 
.  :«13 

.  2523 

.  2i9:i 
.1h:« 
.  1313 
.0H2:^ 


0.549 
1.008 
1.559 
2.021 

i.7:« 

1.262 

.757 

.441 

.:m»2 

3. 755 

3.195 

2.987 

2. 612 

2.317 

1.  !♦» 

.18-1 

.391 

.3.31 

.  253 

.221 

AK\ 

.1:52 


11.799 
12.259 
12.810 
13.272 
12.990 
12.513 
12.008 

11.  JHr2 
ll..V>:i 
15.  OOti 
14.  146 
14.2:^8 
13.892 
13.54',H 

12.  713 
11.435 
11.612 
11.. '^2 
11.504 
11.472 
11.  134 
\\.'.V<\ 
ll.:«l 


0.110 
.'272 
.511 
.744 
.r02 
.379 
.  176 
.079 
.(M5 

1.740 

1. 4w; 

1.28;^ 
1.077 
,901 
.  178 
.02:^ 

.(X>5 

.05:i 

.  JKt') 
.028 
.021 
.012 
.(K)7 


Head  corrected 

for  velocity 

of  approacn, 

in  feet. 

<^-dl8- 
chnrge 

per 
foot  of 
crest, 
in  cubic 
feet  per 
se<'ond. 

Dis- 
ch&ive 
coeffi- 
cient 

M             0 

10 

1.297 

11 

0.407  :     0.549 

3.189 

1.014       1.009 

3.331 

3.285 

1.9.'>1  1     1.5<>3 

6. 548 

3.352 

2.890  1     2.029 

9.874 

3. 416 

2.301  ;     1.744 

7.816 

3.:i92 

1.122  '    i.2«y> 

4.747 

3.337 

.tt!0  :       .758 

2.114 

3.205 

.293  '       .411 

.919 

3.132 

.166  1       .:W2 

.525 

3.159 

7.403       3.798 

26.114 

3.528 

5.789  i     3.224 

20.319 

3.510 

5.224       3.011 

18.267 

3.496 

A.'S&i  ;    2.65H 

14.963 

3.452 

3. 555       2.  :O0 

12.221 

3.438 

1.775  1     1.46<; 

6.072 

3.420 

.079         .184 

.258 

3.200 

.245         .391 

.758 

3.096 

.  191        .  .3:n 

.609 

3.194 

.  127         .  25:^ 

.404 

3.258 

.  104  '       .  221 

.:«5 

8.120 

.078  1       .183 

.238 

3.089 

.  (M8         .  132 

.136 

2.826 

.021         .0N3 

.079 

3.821 

XXVI.  HeiKlit  of  weir  /'.  ll.i')  WvV.  WwkWx  of  wi'ir  <n'st  A.  15.9»y9  fert:  width  of  rhan- 
70  f<M't:  heiRbt  of  npstrraiii  »T»'st  conuT.  lO.fiO  f«M't:  whltli  of  cnHt,  4.5  ftM-t,  with  4  inchen 
ivr  round.] 


18 

2. 7»^53 

■-•.r»913        ; 

2.741 

i:{.".»yi 

I.IH.'. 

1.  rm 

2. 761 

i6.r>H6 

3.610 

18 

2. 35l:i 

2.291:', 

•j.:;i6 

13..'i«.7 

.  WM) 

3.  .V)8 

2.  :i:«) 

]2.(i9M 

.3. 5li9 

30 

2. 9:r73 

2.  y^'jrZi 

1.91.". 

i:i.  1m; 

.KYI 

2.  «WW, 

i.irj:} 

9. 243 

3. 467 

23 

1.5173 

I.i9y:i 

I.;i07 

12. 7:>s 

.  :.<H 

1 .  >v')7 

1.511 

1).  390 

3.411 

21 

1.1143 

1.  1013 

1.111 

\'1.?A\\ 

.  .'ijn 

1.173 

1.112 

3.  i»50 

3.  :Vi7 

19 

.7553 

.7193 

.  7.'>:i 

12.IN-1 

.  177 

.  •►51 

.  7.-rii 

2.  12:1 

3. 248 

22 

.  1943 

.1903 

.  192 

ll.7i:i 

.  trjTy 

.  :vi5 

.  4'.r2 

1.113 

3.'2'JI 

1(10         WKIR    EXPERlMEHTf^,    COKFt'ICIENT8,   AND    FORMULAS. 


Ikdkd^StoUn  GeolfHjieal  Sari'ey  €>£peHtiienU  ai  (Jtmndl  Urdi^emty  hydraulw  ktboffsl^^ 

modd  of  MaitJibiir^  dam — Continued. 

[8«rii»  No.  XXXin.    Height  r>f  weir^P,  ll/A'i  feel;  Utxgth  of  wtir  ctvsti^L.  15.9^9  leet;  it*ltb 
channel  =  h^  l'''.S'70  fwti  hcilg-ht  of  iipfftrt-HJii  cri'st  comer,  *.7&  fwt;  widUi  ol  tTiwt,  f  f«t,] 


Ko. 

Mewiiii^l  b«iHi1  fill  ffxpedmen^ 

A- 

urea  of 
iieolioii 

wr 
f  wH  of 
crest. 

mct&a 
velor- 

Uy 
of  iip- 
prcwchn 
iTifwt 

ond. 

for  velocity 

of  Approttcb. 

iiil«?et. 

Q=difr 

per 

f™t  of 

creal. 
intnibie 
feet  ptsr 

oii4- 

coem- 

Nutn- 
befol 

Mini' 
mum. 

/fi 

j^ 

1 

1 

n 

i 

t 

• 

7 

-281 

.ffTl 
,900 

Lm 

i.i»ia 

.isa 

'      AM 

» 

f 

It 

11 

sa 
n 

.W7S 
1.0683 

.am 
.mm 

i.im 

.MS 

.am 

.mm 

0.7M 

hm 

L7M 

,m 

.669 

.«79 

13,044 
13.0S4 

1S.?10 
11.HQ8 

turn 

o.«Ga 

.990 

i.Aai 

2.iM 
S.«41 

.432 

*A«0 

0.75» 

1.317 
L7«, 

.B72 

,«64 

2.107 
».43S 

«.7*7 

14.272 

t.xg7 

3.173 

[Berieis  No.  XXXTV.    Bfli^lit  of  welr=^JJ   11.25  f«t*t;  length  f>r  weir  frwt=A.  lA.Bti*  fi«t;  wMth  ) 
chitonid]  -Ir,  16l970  letix  belght  ol  upHtr«*iim  crwt  comer,  ^^  leett  wldtb  «)f  ere^  S  f«eL] 


I 

i 

2 

16 

3 

21 

4 

19 

5 

19 

6 

14 

7 

20 

8 

10 

9 

32 

10 

39 

11 

14 

12 

26 

13 

31 

14 

25 

.6423 

2.0263 

1.6303 

1.2333 

.9523 

.4013 

.6243 

.2243 

.1103 

6.0963 

2.7763 

2.4383 

2.8013 


.6883 

2.0043 

1.6203 

1.2293 

.9483 

.3983 

.6243 

.2203 

.1093 

5.0793 

2.7263 

2.3963 

2.7963 


o.r.n  ' 

.640  I 

2.015  I 

1.628  j 

1.232  I 

.950  i 

.400  i 

.624  I 

.222  1 

.110  I 

3.089  ' 

2. 749 

2. 421 

.800 


11.891 
13.266 
12.878 
12.483 
12.201 
11.650 
11.875 
11.473 
11.360 
14.340 
14.000 
13. 672 
12.  050 


i 


0.1117 

.141 

.816 

.592 

.391 

.261 

.070 

.136 

.029 

.009 

1.509 

1.268 

l.a51 

.194 


0.6IS 

.613 

2.882 

2.086 

1.371 

.927 

.253 

.493 

.ia5 

.036 
5. 515 
4. 615 
3.8a5 

.716 


0,641 

.640 

2.026 

1.683 

1.235 

.951 

.400 

.625  I 

.222  I 

.no' 

3.122  I 

2.772  i 

2.437  j 

.800 


l.rie 

V.  r-:- 

1.680 

8.276 

10.826 

3.756 

7.627 

8.656 

4.877 

3.655 

8.1&5 

3.434 

.816 

3.225 

1.613 

3.269 

.328 

3.183 

.100 

2.777 

21.636 

3. 928 

17.612 

3.816 

14.374 

3.778 

2.341 

3.271 
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liter!  Sttitei*  Geological  Survey  experimenit  at  Cornell  University  hydraulic  laboratory 
on  model  of  Chamhly  dam. 

•ries  No.  XXXV.    Height  of  weir=P,  11.25  feet;  length  of  weir  crefit^L,  15.969  feet;  width  of 
channel  -=h,  15.970  feet;  height  of  upstream  crest  comer,  10.25  feet;  width  of  crest  4.5  feet.] 


No. 


MeaMured  head  on  experimen- 
tal weir,  in  feet. 


'     1 

I       2 

1       3 

4 

5 

6 

7 

8 

9 

11 

12 

13 

14 

15 

IH 

17 

IX  I 

19  I 

•Jol 

21  I 

22  I 

24  I 


Num- 
ber of 
*)bser- 

va- 
tions. 


Maxi- 
mum. 


Mini- 
mum. 


:i 


64 
55 
40 
40 
38 
45 
41 
43 
20 
18 
17 
17 
18 
23 
22 
37 
25 
17 
24 
21 
24 
19 
20 


2.5503 

1.0103 

1.5643 

2.0273 

1.7513 

1.2673 

.7593 

.445:^ 

.3043 

3.7303 

3.2193 

3.0023 

2.6743 

2.3533 

1.4923 

.2103 

.3913 

.3313 

.2523 

.•2203 

.i»4:j 

.1323 
.0823 


2.5463 

1.0063 

1.5523 

2.0133 

1.7303 

1.2583 

.7543 

.  4:^73 

.3003 

3.706:^ 

8. 1813 

2.9873 

2.6643 

2.3283 

1.4873 

.2093 

.3903 

.3:113 

.2523 

.2193 

.18:« 

.  1313 

.082:^ 


Mean 


0.M9 

1.008 

1.559 

2.021 

1.739 

1.262 

.757 

.441 

.:U)2 

3. 755 

3.195 

2.987 

2.642 

2. 317 

1.463 

.IW 

.391 

.331 

.'253 

.221 

AK\ 

.i:t2 


I 


A  = 
area  of 
section 

per 
foot  of 
crest. 


11.799 
12.259 
12.810 
13.  '272 
12.990 
12.513 
12.008 
11.692 
11.553 
15.006 
14. 446 
14.238 
13. 892 
13. 568 
12. 713 
11.435 
11.642 
11.5K2 
11.504 
11.472 
11.4:J4 
U.WA 
11.  XM 


mean 
veloc- 

ity 
of  ap- 
proach,' 
in  feet  I 

I     P«'    I 
I  second. 


Head  corrected 

for  velocity 

of  approacn, 

in  feet. 


0.110 

.272 

.511 

.744 

.602 

.379 

.  176 

.079 

.045 

1.740 

1. 4«» 

1.283 

1.077 

.901 

.478 

.02:^ 

.065 

.05:^ 

.o:j5 

.028 
.021 
.012 
.007 


/fi 


0.407 

1.014 

1.954 

2.890 

2.304 

1.422 

.6(K) 

.293 

.166 

7.403 

5.789 

5.224 

4.334 

3.555 

1.775 

.079 

.245 

.191 

.  127 ; 

.104  ■ 
.078  I 
.048  I 
.024  I 


H 


Q=di». 
charge 

per 
foot  of 
crest, 
in  cubic 
feet  per 
second 


0.549 

1.009 

1.563 

2.029 

1.744 

1.265 

.758 

.441 

.302 

3.798 

3.224 

3.011    ; 

2.658  ; 
2.:«0  I 
1.466  . 

.184  ' 

.391 

.3:n  j 

.183  I 

.ml 

.QK\  I 


10 

1.297 

3.331 

6.548 

9.874 

7.816 

4.747 

2.114 

.919 

.525 

26.114 

20.319 

18. 267 

14.963 

12.221 

6.072 

.268 

.758 

.609  I 

.404  I 

.:t25  I 

.238  j 

.1:^6  j 

.079  I 


Dis- 
charge 
coeffi- 
cient 
^1. 


11 


3.189 
3. '285 
3.352 
3.416 
3.392 
3.337 
3.205 
3.132 
3.159 
3.628 
3.510 
3.496 
3.452 
3.4:J8 
3.420 
3.260 
3.096 
3. 194 
3.258 
3.120 
3.039 
2. 826 
3. 321 


5«?ries  No.  XXXVI.  Height  of  weir  /',  11.25  foet:  lon/^th  of  weir  cn-st  A.  i:).%9feet;  width  of  <!han- 
ueU6. 15.970  feet;  height  of  iijistream  orent  conier,  1().5()  feot;  \vi<ltli  of  cnst.  4.5  feet,  with  4  inches 
radius  quarter  round.] 


1 

1 

18 

2. 7(^53 

2.6913  i 

2.741 

1.  IS.'> 

1.594 

'ira-A 

16.5h6 

3.610 

2 

18 

2.3513 

2.2\n3  1 

2.316 

i:i.r)67  1 

.  \rM\ 

3.  \'^ 

1.  3:m) 

12. 698 

:i.  569 

3 

30 

2.9373 

2. 8923 

l.9i:> 

13.  i»i«; 

.  702 

2.  ('.66 

1.9-23 

9.  243 

3. 4e;7 

1 

•23 

1.5173 

1.4993 

1.507 

1J.7.-VSI 

.:»oi 

1 .  Ku 

1.511 

6. 390 

:i.  141 

h 

21 

1.1143 

1.1013 

1.111 

\l.-iiy\ 

.  :{2() 

1.173 

1.112 

3.960 

3. 3*)7 

(i 

19 

.7553 

.7493  1 

.  75>3 

12.(M)|  ! 

.  177 

.  651 

.75:} 

2.123 

3. 248 

7 

22 

.4943 

.4903 

.492 

11.743 

.095 

.  :i.45 

.492 

1.113 

3.  '221 

r 
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VniiM  Maies  UroiQ^iiHit  SMrtnf  *'XfHfrimtrtit^  at  (JnTnett  hydravdie  lahftruiort^  mt  m^M 

ItSerJ**  l?o,  XXXVn.    Height  uf  wcir-/\  ILVfi  (e«t;  Icnrh  of  wNr  c»rt^l  =  /..  Jik9ie  feci;  w\m 
channel -'fj,  l.r>,yf7io  (oet:  huSglit  of  ii|H>itri.^am  irc*l  fimuT,  10, 2S  liet.^\i  wldUi  tif  f!r*rt,  a  fett] 


tnl  writ.  Ill  (eel* 

iepilon 
|»erloot 

of 

Hy  t»r 

fi>r  v«liK*ltv 

of  AppRJM^K 

per 

crc«t, 
in  eU" 

lia. 

Nirra- 

mum. 

Mini- 
tniuur 

ftp 

pruHi'hH 
lnfeut 

ifi 

// 

1 

1 

i 

4 

i 

* 

f 

« 

t 

tt 

to 

&.4US  1 

a,«f11 

AlII^ 

la^tfle  ^  aam 

O.S7« 

0.917 

1474 

^  1  %m,%^ 

Vt^an 

Jtssa 

H.RttS       U.nBft 

fi.JCIS 

3.f^ 

22.744 

3.331 

m   ^,9l3s 

2.IK73      U.W2T     H.17«       LlTU 

fi.OGO 

2,W7 

l«..'i98 

3,37? 

1^  |:i.iu!ffi 

2.  SWOB       2.»a4  '  niS74         .Wfl 

a.fi7o 

:j.^ 

VLm  \%.m 

m  ,  i,«ii» 

i.e-iia 

1,(185  1  ia,«Hft 

.mt 

2.100 

].64<» 

T.M4  1  I,SSS 

£a 

41  1  i.wm    i.awst 

Mh  '  n^^SG 

.M* 

,aai| 

.11£ 

.sio   i.e2» 

[SeileflKo.  XXXYllt.    Hdffht  ut  wdr  ■/*,  ll.Ufi  f^t^ti  k-nj?th  uf  weir  cn^^t-i,.  i&£H»  fwt:  i^hitlM 
riiiiTiBi?!^^^  Ih.^iiS  Iwl;  hi'lgbt  nf  u|wl»iHiti  vnm%  r^imvr,  IUh'IIN  fi^ut:  width  of  cnvt,  OIO  fe^t,] 


Xo. 

ejil  wetr,  In  li^. 

Kam* 
ob«w- 

num. 

Mhii 
muin. 

J*. 

1 

t 

t 

4 

& 

l,6ffi» 
.74V 

3,4TEI 
3.  IDU  , 
'2.r,05  1 

a.iw  1 

Lirjo 

LfllT 

10  ' 

n 

L 

n 

S4 

a4 

29 
SO 

o.](V7a 

t«l49 

1. 1143 

.7M» 

,Hm 

a, 473rt 
2.317I> 
LOSOA 

0,1191)1 
l,«713 

\Awm 

,7473 
14.Wfi 

UVIJ56 
1.5106 

ftreiiuf 

per  foi>t 

cif 
crest 


ILl.iuiii 

H.S'jI 
l».8g«l 
]^.44U 
IS.ITI 

ia.7n 


liufnii 
itj-of 

Iti  f(?ct 
And. 


o.oea 

.101 
.II2« 
1 .  Wi 
l.iiTl 
IJJ19 

,TM 


Hr«d  iH»rff«tvd 
lor  velocity 
of  ftuprofl^n. 

/fi 

S 

% 

i 

0.34S  1 

O.S96 

2.20G 

1.096 

lJ7ft 

1.114 

.rm 

.7« 

.3^8 

.C04 

ticio 

.209 

0.  ^11 

a.^'iOl 

h  rm 

a.  VJ4 

L2^ 

il.fVJl 

^.'2^ 

2  'J09 

'I.f^Tt 

l.'^J?* 

T.STl 

Lrit9 

per        Dl*- 
Foot  of  ]  cbane 
crest*     pfttBh 
la  cu^  I  clenl 

blQ  feet    Q, 
pcmnv 
oii<I, 


19 


0.7W 
4.m 

him 

.204 

31.2«3 
IKSi^i 
14.1^4 
]L»S1 


II 

a.«ai 

&49I 

3.asi 

3.2«>  [ 

3.4(i7 
\{,  TiTO 


[Series  No.  XXXIX.    Height  of  welr=P,  11.25  feet;  length  of  weir  cre8t  =  L.  16.969  feet:  wi^ 
channel  =f).  15.700  feet;  height  of  upstroftm  crest  comer,  10.25  feet:  width  of  crest,  6  feetf 


5  I 


'"/ 


22 
33 
24 
28 
S6 
32 
39 
Si 


0.6W3 

0. 6793 

0.683 
.683 

11.934  , 
11.934  , 

0.170 
.167 

.4183 

.4ir>s 

.418 

11.668  1 

.081 

8.9806 

3.9206 

3.943 

15.194  1 

1.721 

3. 1506 

3. 1366 

8. 145 

14.396  ' 

1.280 

2.5066 

2.4806 

2.488 

13.  739 

.966 

\.imc^ 

1.8756 

1.884 

13. 135 

.699 

1.2716 

1.2626 

1.268 

12.518 

.401 

.8286 

.8206 

.826 

12.077 

.218 

.5626 

.5606 

.56\ 

\  n.n\  \ 

.\^^ 

0. 5t)5 

0.684 

2.027 

3.686 

.565 

.684 

1.995 

3.630 

.270 

.418 

.944 

3.497 

7.9.56 

3.986 

26.150 

8.287 

5. 642 

3.169 

18, 431 

3.266 

3.958 

2.502 

13.268 

8.352 

2.601 

1.891 

9.186 

3.532 

1.432  1 

1.270 

5.025 

3.509 

.752  i 

.827 

2.639 

S.494 

.V2ft  'v 

.^\ 

1.481 

8.S26 
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/  Staien  Geological  Survey  experimenU  tU  Cornell  kydratUic  laliorcUory  on  model  of 
flat-top  weirs  uith  vertical  faces. 

I  No.  XL.    Height  of  weir=P,  11.26  feet;  length  of  weir  creat^X,  15.969  feet;  width  of  ohiinnel -= 
6, 1&.970  feet:  width  of  broad  crest,  0.479  foot;  nappe  aerated.] 


No. 


10  I 

11  i 


Meanured  head  on  experimen- 
tal weir,  in  feet. 


Num.- 
iHjrof 
obser- 

va- 
tiouH. 


Maxi-  I  Mini-  ,Mean  = 
mum.     mum.  I      />. 


A= 

area  of 

flection 

per  foot 

of 

crent. 


V— 

mean 
veloc- 
ity of 
ap- 
proach, 
in  feet 
per  sec- 
ond. 


1 


"I' 


36 
26  ! 
21  I 
21  I 
10  ' 
10  I 


0.6343  I  0 

.2648 

.2613  ' 

. 1216  i 
1.9916  i  1 
1.6*256, 1  1 
1.2556  '  1. 

.9756 

.8213 

.6513 

.4503 


2513 
1*206  i 
9816  I 
6106 
2496  I 
9706  j 
8163  ^ 
6493  ■ 
4483  I 


0.631 

.260 

.264 

.124 

1.989 

1.618 

1.256 

.977 

.820 

.650 

.449 


11.882  I 
11.511 
11.515  ' 
11.375  I 
!  13.238 

I  vi.fm 

12.507 
'  12.228 
I  12.070 
I  11.900 
I  11.700 


0.133 
.030 
.033 
.011 
.710 
.530 
.377 
.262 
.204 
.139 
.074 


Head  corrected 

for  velocity 

of  approach, 

in  feet. 


Ifi 


II 


Q=diB- 
cnarge 

per 
foot  of 
crest, 
in  cubic 
feel  per 
second. 


Dis- 
charge 
coelfl- 
cient 
Ci. 


10     I     11 


0.502 

.133 

.136 

.044 

2.821 

2.065 

1.412 

.967 

.743 

.524  I 

.301  I 


0.632 

1.580 

3.148 

.260 

.343 

2.584 

.264 

.380 

2.794 

.124 

.1*29 

2.943 

1.996 

9.401 

3.332 

1.6*22 

6.819 

3.301 

l.*259 

4.713 

3.838 

.978 

3.209 

3.318 

.8*20 

•2.469 

3.3-25 

.650 

1.654 

3.154 

.449 

.867 

2.881 

No.  XLI.    Height  of  weir  =  P,  11.25  feet;  length  of  weir  crest  --  /.,  15.969  feet;  width  of 
channel  =  6, 15.970  feet:  width  of  broad  crest,  1.646  feet:  nappe  partly  aerated.] 


i     25 

3.860fi 

3.8256 

25 

3.1906 

3.1666 

'          26 

2.6906 

2.6656 

!          81 

2.0306 

•2.0116 

28 

1.6043 

1.5973 

27 

1.'2373 

1.2-293 

i          -26 

.9443 

.9393 

U 

.67:« 

.6693 

30 

.4893 

.4873 

18 

.3303 

.  3*2y:i 

34 

.2113 

.'2093 

22 

.1*253 

.1213 

20 

.4*206 

.4136 

44 

.4206 

.41*26 

3.842 

3.177  I 

2.674  I 

2.0-22  I 

1.601  I 

1.^233  j 

.942  I 

.671  ! 

.  4HH-| 

.330 

.*210 

.  1*22  ! 

I 
.788  I 

.417 

.4>7l 


15.092 
14.4-28  ' 
13.925  I 
13.272 
1*2.8^2  ' 
12.4H4  . 
1*2. 192  I 
11.9*22 
11.739  ' 
11.581 
11.461 
11.373  I 


l*2.0;i8 
668 


1.692 
1.317 

Law 

.680 
.462 
.307 
.203 
.1*28 
.078 
.045 
.0*24 
.011 
.l.'VB 
.064 
.06.*. 


7.661  I 

5.730 ; 

4.413  ' 
2.8«9  I 
•2.032  j 
1.372 
.915  ' 
.575  1 
.341 
.190  , 
.096 
.04:J  '■ 
.699 
.  *270 
.*270 


3.883 

3.202 

2.690 

2.0*28 

1.604 

1.234 

.942 

.692 

.488 

.330 

.210 

12*2 

.7H8 

.417 

.417 


25.531 

18.996 

14.6-24 

9.0-21 

5.936 

3.835 

2. 476 

1.472 

.910 

.  .V20 

.  272 

.130 

l.MO 

.750 

.759 


I 


3.337 
3.315 
3.314 
3.123 
2.9-22 
•2.796 
2. 706 
2.5(i0 
•2.669 
2. 742 
*2.8^27 
3.047 
2. 631 
2. 782 
'2.815 


"  -Vo.  XLII.     Height  of  weir ^ P.  11. '25  fi'i<f.  length  of  woir  crest- A.  l.'>.%9  feet;  width  of  chan- 
nel =6,  1.5.970  feet;  width  of  bron<!  cre-ot,  12.239  fcof ;  nappe  partly  aerated.] 


1 
2 


3;} 

0.1706 

32 

4.3706 

26 

3.8316 

38 

3.W46 

:« 

3. 7356 

29 

:J.5856 

38 

3. 39(i<i 

27 

2.  *25Wi 

34 

1.4706 

•22 

1.0986 

36 

.6406 

'2» 

1 

.6126 

/ 

16*26 
:«16 
HOOti 

7186 
5776 
:}80«5 
'-'KHi 
4.V26 
0«.KJ6 
ti376 

mm 


O.K^x 
4.  \^^\ 
3.H09 
3.  0:i2 
1.7*28 

2.  :y>^ 

3.  :iK7 
2.  243 
1 .  449 
1.09<'. 

.(«9 
.611 


11.418 
15.  (J(M 
1.').  W.0 

12.  979 
\:\.  K\\ 
14.6:38 
i:i.494 
1*2.700 
1*2.347 
11.890 
11.862 


I     ' 


016  ' 

5H4  I 

971  1 
467  j 
7«| 
130  ' 
.«.',7  I 
.;369  j 

.116^ 
.109  1 


069  I 

1%  ; 
510  : 

317 

278 

\m 

*2S,') 

873  I 

748 

149 

511 

.4"»\ 


0.  168 
4.  389  I 
3.835  I 
3.046 
1.7:V2l 

3.406  I 
2. '249 
1.451  ' 
1.097  I 
.639 
,6U 


0. 180 
•24.716 
19.896 
13. 876 
r>.  0*>6 
10.  882 
16.  .535 
8.870 
4.  (582 
3.1*29 

i.a-5 


2.611 
2.688 
*2.649 
2. 610 
*2.663 
*2.(kl2 
2. 631 
2. 6*29 
2.  701 
2. 7*23 


104       WEIR    KXPEKIMKNTS,  <lOKfr*FlCIENT3,   AND  FORMULAS, 

[^KifkvHi}.  XLITL    nolK>»t  i>f  weir =/Mi.a,^  ft'jet:  k-n ^ tlv  of  w wlr cfe*l  -  /.,  I5.9«i»  f*?pt;  w lilUnrf^^hMBii 
ft,  IBlITU  leet;  i^idth  tif  bnimcil  L^rist^  m.ltiri  fet'i:  E«uriiiC-i'  Ktmewh^^C  nvui^h;^  uM|:*pi<  l^irtty  iM^nWilJ 


1 


So. 

BI«M(ii«d  head  oiiH^iEpcfliii^n- 
l&l  weir,  lu  fe&l 

ftWftaf 

iei"tloti 

|R?r  ftmi 

nj 

CTCSL 

vciloc- 

liy  ill 

for  vclMliy 

m  feet. 

eliHrEi? 

h»  cubic 

I 

Nom- 
beraf 
uta^e^ 

Mini- 
mum. 

M<3An* 

/ft 

J^ 

t 

f 

i 

i 

1 

• 

1 

* 

f      1 

1« 

II 

12 
lU 
10 

27 
S4 
80 
£1 

J29 

0.ft50fi 
1. -173*1 

o.«n 

.447 
4.ISy 

1.306 

VL  loa 

11, sty 
11.  wo 

IJl.tlll 
1H.1II 

U,731 
12.4^7 

Am 

.129 
1.2S1 

.#74 

.2M2 

0.78A 
.290 

.174 

».44» 
7.0Tfi 
A.  082 
».M4 
1L<I07 
tSCM 
LrJ7 

.4*7 

.«o 
4.4tiy 

I*,m7 

IS,  aw 

*.7fl7 
S.fiS0 

2,1171 
2,«» 

u,e«7 

(Btfleii  No.  XLritA.    HaJjjht  of  web  =  f ,  1  Uari  fept;  \^wT^h  of  weir  i3PMt:=i  L,  Ifi.wSffl  feet;  irliHh  or  i^ 
TTMJ  ^^^  |&07af«sU  wUUi  1^  bn>Ml  (»f«it,  t^^^OGl  [eeli  «{QjOC»(ti  |)l«ii«(l  «lirfi(£-c.] 


1 
2 
3 
4 
5 

7 

9 
10 
11 
12  ' 


I 


0.3626 
.24% 
.1686 
.990<i 
.<W56 
.7886 
.6226 
.4976 
.3926 
.2806 
.1606 
.0776 


0.3696 
.  2426 
.  ltV46 
.  9S46 
.  9776 
.  7826 
.6206 
.4^6 
.3906 
.  2786 
.1606  I 
.07.%  ! 


0.361  I 
.246  '\ 
.167  j 
.9M<; 

.981 
.786 
.621   \ 
.49<»  1 

.392 ; 

.280 

.161 ; 

.077  I 


11.612 

0.060 

11.497 

.026 

11.418 

.013 

12.  2:^6 

.214 

12.  ZVl 

.  210 

12.  o;i<i 

.1.t3 

11.872 

.110 

11.747 

.080 

ll.(V43 

.or>8 

11.530 

.  036 

11.411 

.016 

11.327 

.006 

0. 217 

0.861  1 

0.576 

2.653 

.122 

.246 

.305 

2.494 

.068 

.167  1 

.168 

2.240 

.980 

.986  ' 

2.618 

2.678 

.973 

.982  1 

2.668 

2.638 

.697 

.786 

1.847 

2.651 

.490 

.622 

1.309 

2.670 

.360 

.496  1 

.946 

2.704 

.  246 

.892  ' 

.670 

2.728 

.148 

.280 

.421 

2.848 

.064 

.161 

.184 

2.861 

.021 

.077  ' 

.066 

3.127 

(SerioH  No.  XLIV.    Height  of  weir=P.  \\.'2h  feet;  length  of  weir  trest-A,  16.969  feet;  width  of  ^ 
iiel-^/>,  16.970  feet;  width  of  broad  ere.^t,  s.980  feet.] 


1 

27 

0.3i:iti     0.3116 

0.312 

11.663 

2 

20 

Afm       .1676 

.169 

11.410 

3 

32 

.4196       .4176 

.419 

11.670 

4 

20 

3.0666     3.0606 

3.0.58 

14.309 

6 

19 

2.3306     2.3116 

2.319 

13.669  1 

6 

17 

2.8656  1  2.8486 

l.a56 

13.107 

7 

31 

1.6166 

1..5106 

1.613 

12.763 

8 

28 

1.2.^66 

1.2606 

1.252 

12.  .'^^3 

9 

31 

1.0396 

1.0366 

1.038 

12.289 

10 

29 

.8996 

.8916 

.897 

12.118 

11 

26 

.7326 

.7306 

.  732 

11.983  , 

12 

32 

.6046 

.6006 

.502 

11.763 

1 

o.mo  , 

.014  1 

.0.5K  I 

.986  I 

.MO  i 

.297  I 
.228  I 
.186  I 
.140 
.083 


0.174 

.0«-.4 

.271 

.5.38*) 

3.  547 

2.  .537 

1.8(14 

1.4m 

l.a59 

.8.50 

.627 

.35() 


0.312 

.169 

.419 

3.073 

2. 326 

1.860 

1..515 

1.2.54 

1.039 

.897 

.  732 

.502 


0.469 

2.691 

.163 

2.570 

.679 

2.504 

14.105 

2.619 

9.307 

2.624 

6.712 

^2.646 

4.928 

2.642 

3.718 

2.649 

2.803 

2.646 

2.254 

2.652 

1.676 

2.676 

.971 

2.727 

_l 

1*4 
m 

<^ 

1          I          1          1         T 1 1 

-       y<               M 

~     /\              r 

.    /        \            C^" 

3 

1     X                                                   It 

- 

2  \             i 

X 

k.  ■ 

I 

— 

■fl 

s 

i 

— 

\ 

^ 

_ 

& 

lates  XXIII  and  XXIV  will   be   found   iniinediatel}'  precec 
;  95. 
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late,s  XXIII   and   XXIV  will    be   found   immediately  preceding 
B  95.  ^ 
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106       WEIR   EXPERIMENTS,  COEFFICIENTS,  AND   FORMULAS. 


ThnUd  SkOeti  OedUtgiail  Survey  experivients  at  Cortiell  hydraulic  lahortitory  on  modti  of 
Merrinuic  River  dam,  at  lAiwrence,  Mom. 

[Heiffht  of  weir=-P.  6.fi5  feet;  length  of  wef r  crests L.  9.999  feet;  width  of  chuinel^b,  Ihsn  fM.] 


1 


No. 


1« 

an 

8a 
21 
10 
11 
22 
28 
12 

1 
24 

2 

8 
18 

4 
25 

R 

6 

9  ' 


Meamired  head  on  experimen- 
tal weir,  in  feet 


Num- 
ber of 
obser^ 

va- 
tions. 


Haxl- 


Mini-  |Mean» 
mum.        />. 


I  area  of 
jHection 

per 
I  foot  of 
;  creHt. 


i 


mean 

VflOtV 

ity 
of  ap- 
proach, 
in  feet 
per  sec- 
ond 


4.001 
3.930 
3.630 
3.630 
3.166 
2.815 
2.510 
2.223 
2.130 
2.011 
1.860 
1.746 
1.645 
1.496 
1.322 
1.268 
1.0K9 
.764 
..•vsi 


1 


.  liw  I 


651 
580 
280 
280 
816 
465 
160 
87;i 
780 
691 
500 
396 
295 
146 
972 
918 
739 
414' 

2:m' 
2:i;i  • 

H-IK  i 


2.618 

2.563 

2.309 

2.319 

1.939 

1.654 

1.424 

1.200 

1.127 

1.066 

.932 

.8li0 

.802 

.691 

.600 

.556 

.462 

.•JH4 

.  195 

.  192 

.  (W9 


Head  corrected 

for  velocit)' 

of  approach, 

in  feet 


if# 


8.288 
8.064 
7.029 
7.029 
5.769 
4.837 
4.067 
3.861 
3.150 
2.933 
2.542 
2.327 
2.302 
1.832 
1.528 
1.434 
1.141 
.669 
.447 
.  44r. 
.0K8 


H 


Q-dii^ 
c'hai^Ke 

per 
foot  of 
creM, 
incubic 
feet  per 
second. 


4.094 
4.018 
8.670 
3.670 
8.216 
2.860 
2.548 
2.244 
2.149 
2.049 
1.868 
1.756 
1.743 
1.497 
1.827 
1.272 
1.092 
.765 
.5«5 

.:m 

.  198 


10 


27.8iN! 
27.120 
23.740 
23.788 
19.039 
15.660 
18.019 
10.652 
9.896 
9.266 
7.929 
7.227 
6.651 
5.681 
4.791 
4.410 
8.581 
2.108 
1.412 
1.3S9  I 
0.270 


Diit-  I 
chanpe 
coeffl-  j 
clent  ! 

<\,    I 


11 


8.365  \ 

8.367 

8.877 

8.877 

8.800 

8.287 

8.208 

8.169 

8.142 

8.156 

3.118 

8.105 

2.889 

8.074 

8.185 

8.075 

8:138 

3. 151 

3.158 

3.114 

3.067 


In  the  accompanying  tables  (pp.  I^.S-IOO),  (tolunins  2,  8,  and  4  show, 
respectively,  the  number  of  observations  of  headland  the  maxiiiuim 
and  minimum  readinj^s  in  each  expt^rimentiil  period.  In  column  ."» l" 
given  the  mean  head  on  the  experimentiil  weir  deduced  from  the  tape 
observations  above  de.seribed.  Column  6  shows  the  area  of  cross  sec- 
tion of  the  channel  of  approach  per  foot  of  crest.  For  supprei>sed 
weirs  this  quantity  equals  the  sum  of  the  height  of  weir  plus  the 
measured  depth  on  crest.  For  weirs  with  one  end  contraction  the 
quantity  A  is  obtained  by  dividing  the  total  area  of  the  water  section, 
where  I)  is  measured,  by  the  net  h^ngth  of  the  weir  crest  cornvted 
for  the  end  contraction.  For  those  series  where  the  depth  on  the 
ex{x»rimental  weir  was  increased  })y  contracting  the  weir  to  about  one- 
half  of  the  channel  width  and  introducing  one  end  contraction,  the 
net  length  of  crest  has  l)een  d(»t4»rmined  by  the  method  of  Francis,  by 
deducting  one  tenth  the  head  from  the  measured  length  of  cre,st.  The 
discharge  per  foot  of  crest  of  tin*  experimental  weir  given  in  column 
JO  has   been   deduced   from  the  discharge  over  the  standard  weir, 
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UPS  XXIII  and  XXIV  will  be  found  immediately  pm^in(; 
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106       WEIR  KXPKHIMKHTS,  COEPFICIKNTO^  AITB   FO1WOLA0. 

fMUd  tSintea  Oeokf^etri  Svtrt^tf  fjqirrhiit}d9t  ok  (hmdl  hydraulic  Ifthftrtthfrj/ m  ntfdfi  <i 
Merriimtje-  River  dam,  tii  Ijitftrtttcf,  Mum, 


t 


.-w*  ♦ 

t.^^i 

J»n» 

r-^ 

T/j:tM 

.I'jrj 

.m' 

i(,)M?i 

.i«y 

.ow  ' 


Am 


i,f|J    i    iKIilfl 


III  the  nccumpiinying  tables  (pp.  1+8-lOtJ),  coliuiins  S,  8,  and  4  shoff. 
respectively,  the  niiintKT  of  ofuseiTationn  of  headland  the  niaxijiiiiHi 
and  iinDitiiuQ]  I'eaditig^  in  eucli  experiinenbtl  period.  In  cohmin  >'■!-' 
given  thti  mean  head  on  tiie  experimental  weir  dedueed  from  the  tape 
observations  alK»ve  desiTi^ied,  Column  t>  show;s  the  area  of  eros^i  m'* 
tion  of  tlit^  ehannel  of  approach  per  foot  of  t^re^t.  For  suppn'&^ 
weira  this  quantity  e(pials  the  sum  of  tlift  height  of  weir  plii^  tta 
meti8ui*ed  depth  on  crest.  For  weiis  with  one  end  con tmc tion  the 
(quantity  A  is  obtained  hy  dividing  the  ttMnl  area  of  the  wator  sin  tion, 
where  D  is  uuiasured,  hy  the  net  length  of  the  weir  crest  cormt*'^ 
for  the  end  eoutmctiun.  Fi>r  tliose  series  where  the  depth  on  thf 
e  X  [)<  M  i  1  ne  n  tti  I  Winv  w  hs  i  t  u*  r  easi  ^(  [  \  >y  v.<  >n  t  ra  e  t  i  n  g  the  we  i  r  t  c>  a  bout  oih** 
half  of  the  channel  width  and  iiitrodueing  one  end  contnietion,  thi* 
net  length  of  cri^st  has  been  determined  by  tlie  method  of  FnincisJiJ 
deduitiiig  one  tenth  the  h*^ad  from  tlie  measured  length  of  erest>  The 
discharge  p*^r  foot  of  crest  of  the  expei-imental  weir  given  in  oAum 
10  has  fit*en   dedut^ed  from  the  discharge  over  the  standard  weir* 
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stained,  as  described  above,  by  dividing  the  total  discharge  by  the 
't  length  of  the  experimental  weir.     The  mean  velocity  of  approac^h 
given  in  column  7,  has  been  obtained  by  the  formula 

'A-  ■ 

The  correction  for  velocitv  of  approach  has  })een  carefully  computed 
y  the  Francis  formula 

here 

3 

The  resulting  values  of  H^  are  given  in  column  8.  The  correspond- 
ig  values  of  //,  given  in  colunm  9,  have  been  obtained  by  interpola- 
lon  from  a  table  of  three-halves  powers.  The  discharge  coefficient  C^ 
iven  in  column  II  has  been  obtained  by  the  formula 

^1—        3. 
in 

This  coefficient  represents  the  discharge  per  linear  foot  of  crest,  if 
lio  head  is  1  foot,  with  no  velocity  of  approach,  it  being  tlie  coefficient 
fi  a  weir  formula  of  the  same  form  as  that  used  by  J.  B.  Francis  for 

thin-exlged  weir.   ^ 

Pis.  XXIIl  to  XXXII  show  the  coefficient  diagrams  deduced  from 
beso  experiments. 

•XPKRIMENTS  ON   MODEL  OF   DAM   OF  THE   ESSEX   COMPANY,  MERRIMAC 
RIVER,  AT    IJVWRENCE,  MASS.^ 

A  series  of  experiments  covering  five  different  depths  on  crest  was 
inde  by  James  B.  Francis  at  lower  locks,  Lowell,  Mass.,  Novonibor, 
H52.  The  model  had  a  crest  length  of  9.999  feet,  with  end  contmctions 
^ippressed.  Height  of  water  was  measured  by  hook  gage  in  a  cham- 
>^r  at  one  side  of  the  channel,  ♦>  feet  upstream  from  crest,  so  arranged 
s  to  give  substantially  the  height  of  the  still-water  surface  above  the 
i*e8t  without  correction  for  velocity  of  approach.  The  discharge  was 
olinnetrically  determined  as  in  Francis's  thin-edged  weir  experiments. 

The  experiments  of  Francis  covered  depths  on  crest  ranging  from 
^5872  foot  to  1.6338  feet.  From  these  experiments  he  deduced  the 
ormula  for  discharge, 

^=3.01208ZZ^'". 

a  Francis.  J.  B.,  Lowell  Hydraulic  £xperimenU).  pp.  18i>-137.  A 


^m 


108        WEIB    EXPEEIMENTS,   OOEFFICIRNI^,    AND    BORMULAS, 

If  the  discharge  were  expressed  in  terms  of  the  ixsuaI  fornitila. 

Q=  CiLIl^y  with  a  varying  coefficient  C^,  we  j*hould  hav  e  a  rontinu- 
Au^ly  increasing  coefficient, 

A  serief^of  experiment^  on  a  similar  model  ckm^  fi.fi5  feet  hi^h.  with 
a^t  lengtli  of  15.932  feet,  was  matle  at  Cornell  Tniversity  hydraulic 
aboratorv  in  190S.  The  model  there  uaed  differed  from  that  shown 
hy  FninciH  only  in  the  guhRtitlltion  of  a  flatter  upstream  sle.jj)e  near  tbe 
bottom  of  the  canat^  a.s  showa  in  PL  XXXI IL  The  end  eontracttoos 
were  suppressed  and  the  depth  on  crest  was  measured  with  steel  tape 
and  plumb  bob  j^tispended  over  center  of  channel  at  |>oints  14.67  feet 
and"2^.S!2  feet,  respectively,  upstream  from  crest  of  experimetital  weir* 
Discharge  was  previously  measured  over  the  standard  weir,  t^libmted , 
hy  Bazin's  and  Fteley  and  Stearns's  formulas,  located  at  head  of  experi^ 
mental  canal. 

The  experiments  covered  a  mnge  of  heads  varying  from  0.198  foot  to 
14*94  feet.  In  the  majority  "f  the  exjwriment**  the  head  was  observed 
at  IxJth  points.  The  upper  point  of  measuring  depth  was  at  the 
upstream  end  of  the  hiclined  approach.  The  lower  point  was  over  the 
incline,  where  the  area  uf  the  section  of  approach  was  smaller  and 
the  velocity  larger  than  in  tbe  deei>er  channel  above.  The  experi- 
ments have  been  redu<'ed  with  reference  to  the  heiuls  measured  29*82 
feet  upstrejirn  from  crest.  By  comparison  of  the  depths  simultane- 
ously observed  at  the  two  points  cn^rrection  factors  have  been  deduced 
Jfor  tbe  reduction  of  the  renmining  exiK^rimenti?,  in  which  the  head  was 
observed  at  the  downstream  point  of  observation  only. 

The  observed  head  has  been  corrected  for  velocity  of  approach  by 

the  formula  of  Francis.     The  resulting  mean  coefficient  curve,  based 

on  19  valid  observations,  shows  a  larger  coefficient  of  discharge  in  the 

s 
formula  Q=  C^LH^  than  does  that  of  Francis. 

For  a  head  of  1  foot  the  formula  of  Francis  for  the  Merrimac  dam 
gives  a  discharge  of  90.3  per  cent  of  that  for  a  thin-edged  weir.  The 
Cornell  experiments  show  94.5  per  cent  of  the  discbarge  over  a  thin- 
edged  weir  under  the  same  head. 
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'^'fiarge  jnr  fmA  of  cresty  Francis  formuUt  for  MerriitMc  dUwiy  cvmpared  with  Honwll 
experiment;^  on  »imiiar  rrww  section. 


♦fpth  on 

Q  per  foot  of 
(rrest,  in  cu- 
bic feet  per 
second, 
Francis. 

Coefficient  C 

1  in  formula 
LUi. 

Depth  on 
'  cre»t.  H. 

Q  per  foot  of 
crest,  in  cu- 
bic feet  per 
second, 
Francis. 

(■oefflcicut  Ci  in  formula 

rest,  H. 

Francis'H 
formula. 

Cornell  ex- 
periments. 

Francis's 
formula. 

Cornell  ex- 
periments. 

0.15 

0.1653 

2.845 

3.05 

0.85 

2.3490 

2.997 

.20 

.2567 

2.871 

3.06 

.90 

2.5636 

3.002 

3.15 

.25 

.:^ii 

2.889 

3.07 

.95 

2.  7846 

3.007 

3.15 

.M) 

.4774 

2.905 

3.08 

1.00 

3.0121 

3. 012 

3.15 

.:io 

.6043 

2. 913 

3.W 

1.15 

3.7500 

3.041 

3.13 

.40 

.7431 

2.937 

3.11 

1.25 

4.  237H 

3.  033 

3.12 

.45 

.8877 

2.940 

3.12 

1.50 

5.6012 

3.048 

3.10 

.50 

i.04:«) 

2.940 

3.13 

1.75 

3.12 

.55 

1.206 

2.956 

3.i:S5 

1       2.00 

S.  6975 

3.  075 

3.14 

.60 

1.379 
1.5581 

2.966 
2.973 

3.14 
3.14 

2.50 
3.00 

3.20 
3.  26 

.65 

16.1750 

3.113 

.70 

1.7452 
1.9395 

2.980 
2.986 

3.14 
3.14 

3.50 
4.00 

3.  31 
3.36 

.75 

25. 1200 

3. 140 

.80 

2.1408 

2. 992 

3.15 

Aside  from  Blackwell's  experiments  the  Fi'aneis  formula  for  the 
^lerrimac  dam  was  until  recently  the  only  one  available  for  a  large 
lam  of  irregular  section,  and  for  want  of  more  appropriate  data  it  has 
>een  used  for  the  calculation  of  discharge  over  many  forms  of  weirs 
>f  irregular  section,  and  in  spite  of  Fmncis\s  explicit  caution,  it  has 
^en  applied  where  the  heads  differed  widely  from  those  used  in  the 
original  experiments. 

Considering  the  limited  experiments  on  which  it  is  based,  Francis's 
Merrimac  dam  formula  gives  good  agreement  with  the  much  more 
extended  experiments  on  a  similar  section  made  at  Cornell  hydraulic 
laboratory. 


4 


lin        vrKlR    KXFEBIMENT8,   COEFKICIEKTS,   AND    rORMDLAS* 


r 


FLOW  OVER  WEIRS  WITH    BROAD  CRESTS. 
THEOUETirAL    FOHMUT.A    OF    ITNWIN    AND   FEIZEl-L.** 


Consider  a  weir  of  such  bruadlli  tliiit  the  nappe  >>e*v>mes  of  ^ensihly 
anifonij  dppth  in  the  portion  /it\  tig.  S,  the  tipstreuni  corner  of  tb 
weir  being  rounded  to  prevent  vertieal  eontractiun  and  tht*  ^urfw^ 
slightly  iiielined  downstream  so  that  it  ^>e€Oiue»  pantile]  with  tW 
mrface  of  the  nappe  Jit\ 


9 


Ftu.  8,'-BrnftiJ't*fi^UHi  weir. 


The  fall  cmi^iiig  the  velocity  I'  iti  tho  section  ^^- is  //— rA  It/ol 
lows  that  if  p  is  the  mean  velocity  m  BC 

In  this  equation  Q  is  '*  when  r/~o  or  tl^lL  There  in Ui*t,  there' 
fore,  be  an  intermediate  vahie  of  r/  for  which  ^  will  lie  a  maximum. 
Differentiating  we  lind  for  the  i-undition  of  a  nrnxinuun. 


=U=Z^.,[V//-rf-^;^] 


dd 


Giving  II— i/^    and  d=^  11^  or,  for  uiaximuiu  discharge,  ane-third 

the  head  would  tn^  expended  in  producing  the  veltx.'ity  of  flow.    With 
this  value  of  d  the  expression  for  discharge  becomes 


or  if 


9,  T  If 

Q=~^j^WJ'=0.SSmLIIy!2gII 

Q=S.0S7ZIP 


(58) 


In  this  formula  frictional  resistance  has  been  neglected.  The  du*- 
charge  given  is  the  maximum  for  the  conditions,  and  would  result  only 
if  the  stream  discharges  itself  in  accordance  with  the  "principle  of 
least  energy." 

Blackwell's  experiments,  given  elsewhere,  show  a  considerably 
larger  coefficient  for  weirs  3  feet  broad,  slightly  inclined  downward, 
than  for  those  with  horizontal  crests. 


«  Given  by  W.  C.  Unwin,  in  article  1  on  Hydrodynamics  in  Ency.  Brit.    Independently  derived  by 
J.P.FrizeU.    See  his  Water  Power,  pp.  19&-200. 
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;  d=KII,  then  from  the  formula  first  given 


(59) 


3  theoretical  coefficient  C^  can  be  computed  from  this  equation  if 

^  been  determined  experimentally. 

3m  profiles  taken  in  connection  with  United  States  Deep  Water- 
experiments  at  Cornell  University  hydraulic  laboratory  in  1899 

ollowing  values  of  D  and  d  for  broad-crested  weirs  have  been 

1  and  the  ratio  d  D  computed.  D  was  taken  4  feet  upstream 
the  upper  face  of  the  weir,  and  does  not  include  velocity  of 

3ach  correction;  values  of  d^  and  d^  were  taken  at  the  lower-crest 

nd  center  of  crest,  respectively.  The  value  of  rf,  at  center  of 
has  been  used  in  the  computations. 

Volute  of  D  and  dfor  broad-crested  weirs. 


Broad<crefted  weir. 


lit' 


Broad-crested  weir. 


0.90 
1.15 

i.sb 

2.60 
3.65 
5.15 


0.35 
.45 
.75 
1.20 
1.72 
2.20 


1     rfj 

-§ 

1 

0.52 

0.5S 

1          .6S 

.59 

,         1.  14 

.63 

1.75 

.67 

2.  52 

.71 

3.15 

.61 

1.00 

.35 

1.32 

.53 

1.98 

.75 

2.85 

1.08 

3.90  ' 

1.50 

4.65  i 

2.10 

.50 

.50 

.70 

.50 

.98 

.50 

1.70 

.60 

2.50 

.64 

3.10 

.61 

)r  low  heads  a  sudden  drop  begins  near  the  upstream  crest  corner 
terminates  at  a  distance  1.5  to  2  J)  below  the  upstream  corner. 
II  this  point  to  within  ii  distance  about  equal  to  D  from  the  down- 
ni  crest  corner  the  surface  is  nearly  parallel  with  the  crest, 
le  width  of  crest  is  not  greater  than  2.5  to  3  D  the  nappe  passes 
the  broad  crest  in  a  continuous  surface  curve,  becoming  more 
ly  convex  as  the  ratio  I)  B  increases. 

•r  low  heads  Cornell  experiment  13,  crest  6.56  feet  wide,  with 
ded  upstream  corner,  complies  very  well  with  the  t\ieoT^  oi  ^^- 
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charge  in  at^eordaiice  of  the  principle  of  least  energy'*     The  coefficient 
computetl  ns  above  it* 


k 


=8.02X0,585XU,644:f 
=3.02 


The  experimeiitul  coefficient  with  head  corrected  for  veiocitj  of 
Epproach  i^  :J*^<ii. 

The  following  additional  data  may  be  cifced: 
'      Trautwif!c'^  nuote^  data  uf  El  wood  Morrit^,  C-  E,,  for  Clegg  s  datci, 
|XJap©  Fear  liiver.  North  Carolina.     HoriiionUil  ci"C8t  SA2  feel  wide. 
I  vertical  faces,     //=^l.%b  feet,     ti  {throughout  central  portion  of  crei*!) 
=  tK5l)  foot,     d  //=n,40, 

Thos.  T.  Johnston^  givers  data  of  elabonite  protilesof  the  nappe  fi*r 
iDei^plaines  River  daiiu  Illinoiw*  Horisfiorital  planed  sitone  copiug,  \n- 
jtical  downytreain  face;  up.Htreuin  face  batter,  1  2;L  //=  0,587  fwii* 
ii/™i>.315  to  0.307  foot  in  central,  nearly  level  |>oi^ion  at  di?*taiicesi  L5 
to  i  feet  from  npstream  edge  of  crest,  Johnston  and  Cooley  deducts 
the  coetficient  6  — Lt>9  for  this  case, 

BLACKWELL'8    EX1'ERIMENT.S  ON    Dlt^HABGE    OF  WATEH   OVKK    BKOAlJ- 

CBESTED    WYllBB* 

Experiments  nmde  by  Thomas  E.  Black  well/  M*  Inst.  C  E,,  are  of 

interest  n??  being  probably  the  tirst  recorded  for  weirs  with  broad  cro^l>** 
The  diischarge  wiiw  vt4tiiiietr it-ally  niea?^ured,  and  the  conditions  wen* 
generally  favomble  to  accuracy.  The  experinientn  were  made  on  a 
side  pond  of  the  Ken  net  and  Avon  Cunal,  10*5,200  stpiare  feet  surfatr 
area,  closed  by  a  lock  at  each  end,  the  water  being  luimitted  fronitiruo 
to  time  as  required,  the  relation  between  area  of  reservoir  and  volinnv 
of  dim*harge  being  s^uch  that  there  was  no  sensible  variation  in  wat<?r 
level  during  an  exi^eriment* 

The  weir  was  constnieted  in  a  dock  to  which  the  water  had  accef^*< 
through  rtn  irregularly  shaiKnl  channel  4^^  feet  in  width,  cut  off  fmm 
the  main  pond  by  a  submerged  masonry  wall  i>  feet  wide,  situated  -> 
feet  upstream  from  the  weir,  having  its  top  18  inche^s  io  2<J  inclu^^ 
below  water  surface* 

The  water  level  in  the  pimd  Ijeing  constant  when  outflow  took  pW% 
the  weir,  which  bad  a  crest  adjustable  in  a  vertical  plane,  was  set  with 
its  crest  level  at  the  depth  below  water  surface  desired  for  an  experi- 
ment, by  mean.s  of  adjusting  tjcrews  uL  the  ends  of  the  weir;  the  watet 

a  Engineers' Pocket  Book. 

(>  Johnston,  T.  T.,  and  Cooley,  E.  L.,  New  experimental  data  for  flow  over  a  broad-crest  dam:  Jati*- 
Western  Soc.  Engrs.,  vol.  1,  Jan.,  1896,  pp.  80-61. 

c Original  paper  before  Institution  of  Civil  Engineers  of  London,  reprinted  in  the  Journal  of  tl»€ 
Franklin  Institute,  Philadelphia,  March  and  April,  1862. 
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was  then  allowed  to  waste  through  the  weir  until  a  uniform  regimen 
of  flow  was  established. 

A  gaging  tank  having  a  floor  of  brick  laid  in  cement,  with  plank 
sides,  and  449.39  cubic  feet  capacity,  was  erected  at  the  foot  of  the 
weir.  At  a  given  signal  the  lid  of  this  tank  was  mised,  the  time 
noted,  and  the  rate  of  filling  of  the  tank  recorded  by  several  observ- 
ers. Such  leakage  from  the  tank  as  occurred  was  separately  measured 
and  allowed  for.  There  was  no  correction  for  velocity  of  approach  or 
for  end  contractions. 

The  wind  was  so  slight  as  to  be  negligible,  except  during  one  series 
when  there  was  a  brisk  wind  blowing  downstream.  The  experimenter 
states  that  parallel  experiments  on  a  quiet  day  indicated  an  increase  of 
about  5  per  cent  in  discharge  due  to  this  wind. 

The  crest  of  the  thin-edged  weir  consisted  of  an  iron  plate  barely 
one-sixteenth  inch  thick.  A  square-top  plank  2  inches  thick  was 
attached  to  the  weir,  and  an  apron  of  deal  boards,  roughly  planed  so 
as  to  form  an  uninterrupted  continuation  downstream,  constituted  the 
wide-crested  weir  used  in  the  experiments. 

The  coefficient  C,  from  Blackwell's  experiments  has  been  worked 
out  and  is  given  in  the  following  table.     The  measured  depths  taken 
in  inches  have  also  been  reduced  to  feet. 
IRR  150—06 12 


i 
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^BUsjckweW »  tJcpaimfnUofi  kroad-trrMad  uimr»,  Ktnnd  und  Ami*  Cmial,  Englmid,  JSS&. 


EAST  ixDiAN   Engineers'  formula  for  broad- crested  weibs," 
This  foruiula  i^ 

Q^\M'LH  f'lgH,  or  if  i^~ff^\^.\n,  Q^d,353rLir^=  C,LH^  (60) 

o 

Where  Jf' =coefficlent  for  thin-edged  weir*=0.()54— 0.01^, 

0.0253/(^+1) 


M'^M- 


IJ+l 


(61) 


aMullins,  Gen.  Joseph,  Irrigation  Manual.  Madras,  1890. 

bSee  table  giving  values  of  M  and  equivalent  values  of  C,  p.  22. 
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Experimental  data  not  given.  This  formula  given  values  of  J/'  or 
Ci  decreasing  as  breadth  of  crest  B  increases,  and  for  low  heads 
increasing  to  a  maximum  for  a  bead  of  about  1  foot,  then  slowly 
decreasing. 

The  formula  reduces  to 

6'.-<'^+'-*;^?'l^^+')>^^-     .     .(62) 
For  B=o 

which  differs  by  the  ratio  li  from  the  equivalent  value  of   (*  for  a 
thin-edged  weir. 

Valufji  uf  coejfii^ieni  C,  of  dixrhanje  orer  it  hriMifi-rirstttl  urir  ami  of  /?,  //**•  ratio  of  the 
former  to  ('the  ifM'fficieiU  of  dlarharg*'  orer  a  thin-i'dgnl  ivrlr,  hij  MiiNhia^s  formaUt. 


1  foot. 

2  feet. 

3  fe«Jt. 

4  feet. 

fect>  .  '• 

R 

f.  '' 

A* 
0.962 

''l 

R 
0.9.-. 

''i 

R 
0.938 

'  :•_ 

1 

0.OT5 

3.*-i9 

3.316 

3.319 

3.230 

2| 

.»e 

3.335  j 

.975 

3.307  ' 

.967 

3. '279 

.l».58 

3.251 

3  ' 

.9H8 

3.296  i 

.981 

3.275 

.975 

3.255 

.969 

3.234 

4  > 

.990 

3.253 

.985 

3.237 

.98 

3.220 

.975 

3.204 

5 

.992 

3.204 

.988 

3.191 

.983 

3.177 

.979 

3.164 

6 

.993  , 

3.155 

.989 

3.144 

.986 

3.132 

.982 

3. 121 

7 

.994  ' 

3.104  > 

.991 

3.095 

.988  ' 

3.085 

.984 

3.075 

8| 

.994 

3.a>4 

.992 

3.045 

.989  , 

3.a<7 

.986 

3.028 

*I 

.995 

3.003 

.992 

2. 995 

.99 

2.9S8 

.988 

3. 042 

10  ' 

.995 

2.950 

.993 

2.944 

.991 

2.937 

.989 

2.9:» 

\  ^    ! 

5  feet. 

(>f 

[jet. 

7  feet. 

8  feet. 

feet.\| 

R 

<-h 

R 

C^ 

R      j 

(\ 

R 

^'i 

l"l 

0.925 

3. 182 

0. 912 

3.144 

0.9 

W.  1(K) 

O.KHM 

3. 057 

•1  1 

.95 

3.2-2     ' 

.  '.M2 

3.19^1 

.93;^  ' 

3.  Ififi 

.  92/1 

3.138 

3  1 

.962  ' 

3.213  : 

.  9.V> 

3. 192 

.95    i 

3.171 

.914 

:;.  150 

.U7 

3.193 

.965 

3.171 

.9«»     1 

S.  151 

.  9.'w> 

3.  i;iH 

5  1 

.975 

3. 1 19 

.971 

'\  y.M 

.9«;7 

3.  12:^ 

.  KWfl 

3.110 

1 

.97S 

3.  1 1 

.  975 

3.  U9X 

.971 

3.  (ISO 

.9<!8 

3.076 

.981 

3.  ()»■> 

.97S 

S.  ().'>7 

.97r>  , 

3. 046 

.  972 

3.  o:tt; 

**  i 

.9S3 

3.017  I 

.  \m 

3.012 

.977 

2.  WK) 

.  97.-. 

2.  994 

9  ! 

.9k:> 

2.  97 

.  *yxi 

2.  %♦; 

.W     ' 

:{.019 

.97.H 

2.  950 

10 

.986 

2. 92 

1 

.984 

2.916 

. « WJ 

2.910 

.  979 

2.  093 

The  values  of  C\  given  in  the  above  table  have  been  deduced  from 
the  corresponding  values  of  ('  for  a  thin-edged  weir  ))y  MullinsVs 
formula.  The  ratio  Ji  may,  if  desired,  he  api)lied  approximately  to 
correct  values  of  C*deriv(»d  from  other  standard  weir  formulas. 
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FTFXEY    AND   BTEARN'N    EXPERIMIiNTH   ON    HHOAIVCRESTKD    WEISS** 

The  foraiuia  of  Fteley  atnl  8t<^arim  is  Imwf^  on  five  series  of  expi*ri 
tiienis  nmdi^  in  tho  Sudhury  Rivf*r  conduit,  Ho^^totu  1877,  on  weirs  *i,;j, 
4,  *'»,  mid  iu  tnclH'M  wkio,  n*spoetively.  Suppressed  wein^  5  feet  hug 
^ere  used,  the  dnpthw  Innng  as  follows: 

f'teley  mid  Stffim^  e^qt^rimetU*. 


erewt.  Mi 

ID^lltt. 

on  brondtrrMtH,  lij  teet 

2 

7 

0.  us« 

a29a« 

:* 

.1 

■  iSfl? 

.4«19 

4 

m 

,  iai«        ,  mM 

fl 

n 

Anm        ,*w)75 

1 

17 

/UiS2          .8»4l 

1 

The  rci^iilti*  arc  j^ivcii  by  the  authors  hi  thn  fonn  of  a  table  of  K*Qt^ 
[n^etiotiH  to  he  Mddt^d  ftlj,'obniinilly  tu  tho  nieiisurud  hnid  for  the  broad- 
er^ted  weir  to  obtiiin  the  hnul  on  a  ttiin-edged  weir  that  w^>nld  ^h% 
111©  same  discharge* 

Ftele_v  and  Steanin'M  correc^tioii  o  may  be  foiiud  approxiiiiately  fr^>iii 
the  formula 


(ti3) 


orif  A^U-m;10j  //t=^OJ876,  «=0.^14t>,  ^^=0.8ii7,  then 

If  the  head  on  a  bi-oad-t-i-ei^ted  weir  i^  H^  the  di^ehur^e  will  l>e 

Q^OU/f+cy m 

6' being  the  eoetticient  of  di.schargt*  for  thin -edged  weii"H. 
If  C\  is  tb©  coefficient  for  the  broad  weii\  then  wo  may  a  bo  writr 


H 


enix; 


c 


K~i^) 


(my 


From  formula  (66)  have  been  calculated  P'teley  and  Stearns's  coeffi- 
cients for  weirs  with  nappe  adhering  to  crest  for  use  in  the  formula 


aFteley  and  Steams,  EzperimentH  on  the  flow  of  water, etc.-.  Traua.  Am.  Soc.  C.  £.,  vol.  12,  pp. 86-^ 
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2 

i-orrection  for  velocity  of  approach  being  made  by  adding  1.5  ^'  to  the 
measured  head  to  obtain  H.^ 

Values  of  the  ratio  yj  of  the  coefficient  of  discharge  for  a  broad-crested  iveir,  by  Fteley 
and  Steams' n  experimentSy  to  thiu  for  a  thin-edged  weir. 

] 


H 

Wic' 

Ith  of  crest,  in  Inch 
6       8 

e«. 

'  ! 

1 

4    ' 

10 

12 

0.0 

.1 
.2 
.8 
.4 
.5 

0.7466  ' 
.8234 
.9172  i 
.9963 

0.74798 
.7878 
.8624 
.9201 
.9K0ei 

1.0080 

0. 7662 
.7740 
.8003 
.8353 
.8781 
.9290 
.9391 
.9997 

1.0817 

0. 7689 
.7679 
.7809 
.8003 
.8255 
.8667 
.8911 
.  9246 
.9553 
.9835 
1.0090 
1.0317 
1.0499 

0.7576 
.7644 
.7727 
.7860 
.8003 
.8199 
.8424 
.H695 
.8983 
.940ti 
.9508 
.  97*2 
.9948 
1.0148 
1.0317 

"  0. 7676 
.  7624 
.7685 

.7768 
.7865 

.6 

79K9 

.7 

.8150 

.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.6 

.H3:i9 
.8552 

M824 

, 

.9027 

1 

.9262 

1 

.9466 

.9657 

1 

.9860 

r 

BAZIN'S   FORMULA   AND   EXPERIMENTS   ON    BROAD-CRESTED    WEIRS. 

These  included  series  of  about  20  periods  each  for  depths  nol 
exceeding  1.4  feet  on  weirs  of  0.1<>4,  0.328,  0.65(),  1.815,  2.62,  and 

3 

0.56  feet  breadth  of  crest.  The  coefficienttj  in  the  formula  Q=  C^L/P^ 
deduced  from  a  recomputation  of  the  experiments  on  weirs  2.46  feet 
high,  using  the  Francis  velo<*itv  of  approach  correction,  is  given 
on  PI.  IV. 

Other  experiments  were  made  for  the  four  narrower  weirs  with 
heights  1.148  and  1.64  feet,  to  determine  the  comparative  velocity  of 
approach  effect. 

Bazin  shows  that  if  the  nappe  is  free  from  the  down.stream  face  of 
the  weir  it  may  assume  two  forms:  (1)  It  may  adhere  to  the  horizontal 
crest  surface;  (2)  it  may  become  detiiched  at  the  upstream  edge  in 
Nuch  a  manner  as  to  How  over  the  crest  without  touching  the 
downstream  edge.  In  the  second  case  the  influence  of  the  flat  crest 
evidently  disappears  and  the  discharge  is  like  that  over  a  thin -edged 
weir.  The  nappe  usually  assumes  this  form  when  the  depth  />  exceeds 
twice  the  breadth  of  crest  B^  but  it  may  occur  whenever  the  depth 
exceeds  iB.  Betw^een  these  limits  the  nappe  is  in  a  state  of  instii- 
bility;  it  tends  to  detach  itself  from  the  crest,  and  may  do  so  under  the 


a  Fteley  and  Steams'M  formula  for  a  thin-edfired  weir  lias  been  used  to  C4ilL*ulate  Q  in  deriving 
ooefficientK.  the  experiments  having  l>een  made  under  conditions  siiuUat  U>  Wvcv^t  vi\\^>it  v;\\Vi>a. 
foixnala  was  derived. 


^ 
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.nfluennp  of  miy  extmtml  di.Hturljflnr<*,  a^,  for  t^xampl(*,  the  **iitnini-*' of 
lir  or  thi*  pnHsngt^  uf  n  floating  o}>jeit  ov^'i"  ihv  \vt*ir, 

W'lien  tlie  nappe  iicihore>  in  tlu'  «ive<t,  the  coetKrient  (\  depend* 
ihiefly  on  tlic^  ratio  //  II  and  may  1m*  represented  by  the  ffinnuk 

in  whieh  ris  the  coefBcteiit  for  a  thin-tnlged  weir. 

When  i>  /y=1.5u  to  2,  T^  6  =0.St4<  to  LUT  if  the  napp^  adheix*s  h 
insat,  or  ^\'  f  =1.(H)  if  nappe  in  detached,  and  fur  /}  B>%,  tJ^^  €^\M. 
Petween  the  limits  7?  =  1,5//  and  D^^ill  the  value  which  the  twi 
stent  f^^  w ill  assume  in  a  particular  4"ilm*  im  unvt^rtain*  Bazin  conj^idfTH 
^t  hia  formula  givea  areurat<*  rcHult**  for  adhering^  ntip|K*?i  with 
bread (h  of  e rests  u]3  to  !2  or  B  fe^t.  For  a  rrts^t  tL56  feet  w^ide  nod 
?>^i*47*J  feet  he  tind.s  the  result  hy  forinuk  ((iT)  1*8.4  per  cent  of 
that  jjiveii  directly  by  the  experimeiiL 

Ynbutk  of  ty  ratio  C^iC,  Jt^  «  bmtid-crfsi^ti  wth,  t&Uh  caltitrinff  ruippe^  by  Bniin't 


DiB 

a/O-0.7U(H 

O.7D02 

o.mi 

4.00 

a7i4*« 

0.00 

u 

u.m 

o.oa 

*j,7n5fl 

l).7Wi 

aorr 

0.71W 

tt.a 

a7W 

0.701» 

0.70a7 

a.Ti(s« 

.71SS 

.72tM 

.7'£22 

^.7al0 

.rm 

.TJTTH 

.Tm 

.7X14 

.rm 

,7«Sa 

.ym 

.ia»)|t 

,7107 

.74^1 

.liu 

.T'WW 

.74ftl 

,7600 

.7Ria 

.7W 

,7fi«i 

,7574 

.7W2 

.7510 

.711?^ 

,7*Wft 

,7Mfi 

.TOM 

.77U« 

,77tt 

nw 

.77^ 

,7777 

.7706 

.7»U 

.7«K* 

.7N31 

,787tJ 

.7WI^ 

.79W 

.7926 

.7»il 

.7i»a2 

.ma 

.7y» 

.mw 

.soa6 

.eo5# 

.§073 

.WWi 

.nm 

.Hm 

.8ti7 

.hWA 

,H1M 

itjm 

.S2Ln 

.«aio 

.saw 

.H276 

.m^ 

.»3H 

,9m 

.ma 

.HIWS 

,  Ifsff^ 

.MOO 

.S424 

.tH43 

.*Mir»    ' 

.um 

.WW* 

.H617 

.>mti 

,^-"^1 

.K^7'i 

.Hfifll 

.Mm 

.ee38 

.wm  1 

.mih 

.mii 

,Jfl02 

.^Jti 

.ST.IB 

,w7m 

.  H77ti 

.S7W 

.?«13 

.,*«^ 

,»*fi0 

.8aflH 

,«887 

.mxi 

.S924 

,A^3 

.HWI 

wwo 

.ma^ 

.Wld 

niiom 

.1064 

.INl?i 

.mmi 

.WIW 

.viait 

.^m 

.9104 

.mi^ 

.»jfi  1 

.4KZ» 

.»a38 

.MS? 

.  irir  11 

.W!M 

.i»ia 

,fttll 

.ya&o 

.B3(i» 

.yoKii  1 

.940A 

.MZ4 

,»i4a 

.fM60 

.  IM7VI 

.w»t 

.y-iin 

.l)^»4 

.asfia 

.*i72 

^UCfW 

.WON 

.iWJW 

.  *»m 

.WH44 

»WM2 

.WTtll 

.9nt 

.WVTtl 

.WM 

,fr7* 

,yw 

.mi2 

,mt) 

,UM4V 

.«f« 

.l«Hfi 

.?P04 

.fiKes 

1 

rtif  iht*i^  In  Vi'lf*f1ty  nf  iippruuc^h,  tlip  Vrtliu- 
the  head  7/ or  in  tho  coefficient. 


iiti+lrirK-1  the  \'^c3i 


KhotUd  Ih." 
w\y\*  f4  111' 


prttflch  (■"MrriN-Uoii^  either 


"I 


Bazin's  formula  gives  ratios  whieh  eontinually  increase  as  H 
increases,  li  remaining  constant,  and  which  continually  deci'ease  as 
B  increases,  //  remaining  constant.  It  gives,  however,  a  constant 
ratio  for  all  widths  or  heads  where  the  ratio  //  B  is  unchanged. 

Compared  with  their  respective  standard  weir  fornuilas,  Mullins's 
fornuda  gives  for  a  broad-crested  weir  a  continuously  decreasing  ratio 
of  discharge  as  B  increases  from  zero,  II  remaining  constant,  and  a 
continuously  increasing  discharge  as  //increases  from  zero,  B  remain- 
ing constant;  Fteley  and  Stearns's  experiments  give  a  discharge  ratio 
which  is  less  than  unity,  but  which  varies*  in  an  irregular  manner, 
depending  on  the  head  and  breadtYi  oi  we\Y. 
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On  referring  to  PI.  IV,  in  which  the  Bazin  coefficients  are  given  in  a 
orm  comparable  with  the  experiments  of  the  United  States  Geological 
survey,  it  will  be  noticed  that,  except  for  the  lowest  heads,  the  coeffi- 
ieiit  curves  are  simple  linear  functions  of  the  head.  The  rate  of 
ncrease  of  the  coefficients  as  the  head  increases  grows  rapidly  less 
s  the  breadth  of  the  weir  increases,  indicating  that  for  a  very  broad 
tf^eir  the  coefficient  would  be  sensibly  constant  throughout  the  range 
►f  stability  of  the  nappe. 

For  the  narrower  weirs  the  coefficients  tend  to  increase  rapidly 
.Imost  from  the  start  toward  the  value  for  a  thin-edged  weir  or 
letached  nappe.  For  the  weirs  2.62  and  6.56  feet  breadth  of  crest 
he  total  variation  in  the  coefficient  for  the  range  of  heads  covered  by 
he  experiments  is  comparatively  small.  The  average  coefficients  are 
IS  follows: 

Average  Bazin  coefficiently  hroad-cresled  weirs. 


1 

Bazin  series  Crest  width, 
No.         1      in  feet. 

Range  of  h 
From— 

ead,in  feet. 
To— 

Average  eon- 
Mtant  coeffi- 
cient, (\. 

113            1.312 

Ixiwest. 

0.60 

2.64 

114 

2.624 

0.35 

I         1.32 

2.  59 
2.62 

115 

6.56 

.55 

Highest. 

«2.58 

a  Coefficient  increases  slowly  throughout. 

The  average  coeflficients  show  a  fair  agreement  with  the  constant 
coefficient  for  broad-crested  weirs  with  stable  nappe  deduced  from  the 
experiments  of  the  United  States  Geological  Survey  (page  V2i)). 

KXPERIMENTS   OF  THE  UNITED  STATES  GEOIXXJICAI.   SURVEY  OX   HKOAD- 

CRESTED    WEIRS. 

The  method  of  conducting  these  experiments  and  the  detailed  results 
are  given  on  pages  95-107.  The  coefficient  curves  are  presented  on  Pis. 
XXVlll  to  XXXII.  It  may  be  remarked  liere  tlmt  the*  models  were 
larger  and  the  mnge  of  breadth  of  civst  and  depth  of  flow  experi- 
niented  upon  was  greater  than  in  the  earlier  experiments  described. 
In  general,  the  laws  of  behavior  of  the  nappe  pointed  out  by  Fteley 
and  Stearns  and  Bazin  were  confirmed. 


i 
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The  following  table  presents  a  r^sum^  of  the  results: 

RSmmS  of  United  States  Geological  Survey  experiments  on  broad-crested  weirs. 


SericH. 


43 

4Sa 

ATerage. 


Breadth 
of  crest, 
in  feet. 


a479 
.927 
1.M6 
8.174 
5.875 
&960 

12.289 

16.802 
16.802 


Nappe 

un- 
stable 

for 
heads 

lev 


values 
below, 
in  feet. 


0.8 
-.8 
.7 
.6 
.5 
.5 


Nappe 

de- 
tached 
from 
crest 

at 
head, 


Coefficient  Q  varies  between 
the  limits— 


Coefficient 
constant. 


Head,  in  feet.       Coefficient. 


in  feet.  I 


From— 


as  , 
1.8. 


2.8, 


To- 


I 


0.8 

.8  1 

.7 

.5 

.5 

.5 

.2  I        2.0 


0.8 
1.8 
2.8 
1.8 
.9 
2.0 


From—.   To— 


I 


2.64 
2.67 
2.56 
2.70 
2.72 
2.78 


1.1 
1.0  ' 


i    2.78   1 
2.68  ,J 


8.82 
8.81 
8.82 
2.64 
2.64 
2.62 

2.64 

2.72 
2.68 
2.64 


Above 
head, 
in  feet. 


0.8 
1.8 
2.8 
1.8 
.9 
2.0 

2.0 

1.1 
1.0 


8.82 

3.31  I 
3.82 
Increases 

2.64  ; 

2.62  i 

«>2.6i  I 

62. 6S  I 

2.61  I 


2.634 


n  Coefficient  shown  tendency  to  increase  slowly  with  head. 

b  Edges  of  planed  and  matched  boards  not  flush.    Crest  smoothed  in  series  48a. 

The  deductions  that  follow  have  been  based  on  a  consideration  of 
earlier  experiments  as  well  as  those  here  given  for  the  first  time. 

1.  For  depths  below  0.3  to  0.5  foot  the  nappe  is  very  unstable, 
owing  probably  to  magnified  effect  of  crest  friction  and  to  the  varying 
aeration  or  adhesion  of  the  nappe  to  the  downstream  weir  face. 

2.  For  heads  from  0.5  foot  to  1  or  2  feet  for  very  broad  weirs,  or 
from  0.5  foot  to  the   point  of  detachment  for  narrower  weirs,  tb 
coeflBcient  is  somewhat  variable  and  cliange.>  in  an  uncertain  manner-    I 
For  the  broader  weirs,  the  range  of  variation  of  (\  between  the  depths 
indicated  i.s  narrow,  from  2.73  to  2.62. 

8.  When  the  nappe  becomes  detached  the  coefiicient  remains  nearl}' 
identical  with  that  for  a  thin-edged  weir.     For  the  narrower  weirs  tb^ 
coefiicient  increa.ses  rapidly  within  the  mnge  of  tendency  to  detacb* 
ment  indicated  by  Bazin,  i.  e.,  for  heads  between  /)  and  21). 

4.  On  the  broader  weirs  for  depths  exceeding  1  to  2  feet  up  to  th>^ 
limit  of  the  experiments  (about  5  feet),  the  experimentij  indicate  a  sei^ 
sibly  constant  coefiicient  for  all  depths.     Where  there  is  any  tendency* 
to  variation  within  the  range  indicated  there  is  a  gradual  increa.'*^ 
in  C\, 

For  weirs  of  5  to  10  feet  breadth  the  experiments  show  no  conspici^^ 
ous  tendency  for  the  coefficient  (\  to  change  with  variation  in  eithe  ^ 
//or  Bn  the  range  of  value  of  (\  being  from  2,&2  to  2.64. 

The  line  of  detachment  of  the  nappe  for  a  weir  of  5  feet  breadtt^ 
would  })e  7.5  to  10  feet  head  or  perhaps  more.^  and  a  higher  head  fo^ 
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roader  crests.  If  this  depth  were  ever  reached  it  may  be  surmised 
lat  the  coefficient  6}  would  increase  to  al>out  3.33  at  the  point  of 
Btachment.  It  would  also  appear,  as  is  in  fact  indicated  in  Bazin's 
3riiiula,  that  the  coefficient  should  very  slowly  increase  with  H  and 
ecrease  as  B  increases,  independent  of  the  tendency  to  detachment 
f  the  nappe,  and  owing  to  the  decreased  relative  eflfect  of  crest  f ric- 
ion  and  contraction. 

The  United  States  Geological  Survey  experiments  indicate  that  this 
ff e<*t  is  of  relatively  little  significance  for  large  heads  and  broad  weii-s, 
nd  hence  a  constant  coefficient  covering  a  wide  range  may  he  safelv 
.dopted. 

The  average  coefficient,  2.64,  which  we  have  tentatively  chosen  for 
veirs  exceeding  3  feet  in  breadth  under  heads  exceeding  2  feet,  may 
tpparently  be  applied  for  considerably  lower  heads  for  weirs  of  5  feet 
>r  more  crest  breadth  with  but  small  error. 

TABLE  OF  1)IS<^HARGE  OVER  BROAD-CRESTKD  WEIRS  WITH  STABLE  NAPPE. 

A  table  has  been  calculated,  using  (\  —  ^.^  and  covering  heads  vary- 
ing by  0.1  foot  increment  from  zero  to  10  feet  (p.  177).  It  is  consid- 
ered applicable  for  weirs  of  3  feet  or  more  crest  breadth  when  IT  B 
lie,s  between  the  general  limits  0.25  to  1.5.  The  coefficient  2.64  gives 
a  discharge  79.2  per  cent  of  that  for  a  thin-edged  weir  by  the  Francis 
formula.  The  relative  discharge  obtained  by  other  formulas  and 
^experimenters  is  shown  in  the  following  table: 

C(fmpnrimn  of  hrond-rretUed  u>eir  formulas  and  experimetU^  (pvimi  jierrtnUige  of 
dinrhnrge  over  a  thin-edged  vrir." 


I  1  foot  width.  2.62  feet  width.      I  6.r»6  feet  width. 

KormulaorexiH'rlmoni.s.       j^^^y5       jq  I j^r,       o.:»        1.0    I    1.5    |o]i^      o.r,    '     LO      ~1.}> 
i/-0.r>     j    1.0    ,    1.5       1.31    I    2.»i2",    8.y«      l.(>i  I    3.2H    |    «. 5(1    19.81 

Mullinsft I  96.7     97.5  198.0    j 93.2       95..*!       97.5       9S.2 

^ley  and  Steams !  78.6  j  88.2     98.5  | ' i 

^axin  formula '  79.2     88.5     97.8        79.2       88.5  ^     97.8      71.6        79.2       88.  .>       97.8 

^'-  S.  Deep  Waterways  ex-  I 
penmentu ! 82.8  |    9:^.:{     114.1     72.0      71.1,    72.3  i    73.2 

^*-  S.  Geolo^al  Survey  ex-  I  i  ' 

perlmentu ..I  hI.O     90.3     97.5     r  79..'',  i  .-81.3     «-86.7      79. 2    rf  79. 2    </ 79. 2    '/79.2 

^_       _  _        _  I  '  '  •  ' 

«  No  velocity  of  approach. 

''Eajit  Indian  engineers'  formula.  Kivon  in  Mullin.'^'s  IrriK«tion  Manuiil,  Madras  Presltlt'iioy. 

••Weir  2.17  feet  broad. 

''Weir  5.88  feet  brriad. 

Considering  the  low  heads  used,  it  may  be  noted  that  before^  Bazin's 
experiments  only  those  of  Blackwell  included  a  weir  breadth  sufficient 
to  eliminate  the  earl}^  tendency  to  detachment  and  permit  the  existencei 
of  the  stable  period  for  which  a  constant  coefficient  applies.  m 
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Black wf*ir.s  ex]x*ruiieiitj?!  on  weirs  8  feet  l»ruaii  indicate  a  mtiximiim 
loeflicicnt  f\  of  SiJiS  to  ^.77  for  a  hewd  of  nhtml  »h5  foot,  def>ren*^inga* 
he  head  increase*!. 

The  exp^^ritnents  of  {\m  IhiikHl  Stales  Ihn^p  Waterways  lioard  ntt 
nodeis  with  2J\2  and  *^5ri  foot  cvphI  width  are  shown  on  PI.  XV,  For 
Ir*  niir rower  weir  tlie  e*>etfi(']erit  rnerf*iised  unifonoly  with  the  fie-swl. 
The  nappe  did  not  leave  the  ere^t*  althon^h  the  exijeninent**  were 
iontinued  tjo  tlie  limit  //  //— :i,  at  whieh  shige  the  roefti**ient  ex(rc<ied 
hat  for  a  thin-edged  weir.  Y'ov  the  Ivroader  weir  the  coeiHeientn  are 
nuehlexH  variable  and  the  eiirvei!^  indicate  that  tlie  coefficient,"^  appriwrh 
I  eonj^tant  as  the  breadth  of  crest  \h  increased. 

It  will  ht*  notfsi  that  cofiHiderabJe  uare  inuHt  be  exercised  in  deter- 
nining  the  (condition  of  the  nappe  for  broad- credited  weir**  of  incoTh 
iderable  width,  while  for  those  of  greater  breadth  the  wind  n)ay**xert 
Lonsiderablt*  inrtuenn*  on  the  nappe  on  the  broad  cre^st  uiider  lowi^r 
iead>i.  The  ininstant  ciH^tficient  2*64  han  been  deduced  from  exjH*ri- 
nenty  on  weirs^  with  winooth,  ])laned  crests  and  i^harp  upstream  om^t 
mglejH,  The  eifeet  nf  erest  roughneav  on  weir  di.schai*ge  is*  discuiis^ 
in  page  IHH. 

EFFECT  OF  ROUNDING  UPSTREAM  CREST  EDGE, 

£xi>erinieTits  l>y  Fteley  and  Stearns*'  indicate  that  the  effect  oi 
i'onnding  the  upstream  rrest  corner  is  to  virtually  lower  the  weir,  1>} 
allowing  the  water  to  |)ass  over  with  less  vertical  contraction*  To 
determine  the  ilischarj^e  ovtdv  a  thin-edged  weir,  with  upstream  crest 
corner  rounded  to  a  radius  Ji^  add  to  the  measured  iiead  the  t|uantitj' 

K=^i\li)R     ,.,.,...    (68) 

Theatre  formula  was  deducetl  by  Fteley  and  Stearns  fromexpei*'- 
ment^  on  weira  with  crest  radii  t»f  one- fourth,  one-half,  and  1  Iul^IJ' 
For  heads  not  exceeding  0*17^  0*i2t>,  and  0.45  foot,  regpectively,  the 
nappe  adhered  to  the  crest,  and  the  ftirnuila  does  not  apply. 

The  correction  formula  (ii^)  is  ciiuivaleut  to  increasing  tht^  di^* 
charge  coefficient  in  the  ratio 


or  nearly  in  the  ratio 


H    ' 


A  second  series  of  experiments  was  made  with  rounded  upstrpani 
edges  of  similar  radii  applied  to  a  crest  4  inches  wide,  giving  the  cor- 
rection formida  fur  this  case, 

K^OAlJi {69) 


EFFECT  OF  ROUNDING  UP8TBEAM  CREST  EDGE. 


123 


e  K  is  a  correction  to  be  added  to  the  measured  head  ])efore 
ring  the  formula  for  discharge  over  the  broad-crested  weir.  This 
ula  is  applicable  for  depths  of  not  less  than  0.17  and  0.26  foot, 
actively,  on  weirs  with  radii  of  one-fourth  and  one-half  inch, 
jy  and  Stearns's  formulas  show  the  effect  to  decrease  with  the 
1th  of  crest.  It  also  decreases,  when  expressed  as  a  percentage, 
the  head.  These  formulas  are  probably  applicable  to  weirs  with 
ier.  though  not  to  those  with  greatly  larger,  radii  than  those  of  the 
rimental  weirs. 

zin  experimented  upon  two  weirs,  duplicated  in  the  United  States 

►  Watt^rways  experiments,  having  crest  widths  of  2.624  and  6.56 

respectively,  with  an  upstream  crest  radius  of  0.328  foot  (PI. 


Brocul-cresUd  weirs  with  nmnded  upstream  et/nuv. 


roeffleicnt  C'l,  Bazin'H  expeiimentK. 

Head,  in 
feet. 

Crest  width 

2.62  feet. 

Crt»st  width,  ($.56  feet. 

With  angle 
crest. 

With  round- 
ed crest. 

With  angle  ,  With  round- 
.  crest.           ed  crest. 

1 

0.25 

2.52 

2.85 

2.40             2.58 

.50 

2.59 

2.95 

2.515,        2.76 

1. 00 

2.64 

3.00 

2. 575           2. 89 

1.50 

2.69 

3.04 

2. 635           2. 92 

1.50 

Coefficient  (\, 

rnitcd  States  Dwp  Waterways  experi- 
ment**. 

2.  67 

2.  92              2.  39 

2.81 

2.00 

2.  75 

8.00              2.41 

2.81 

8.00 

2.  m 

8.17  1           2.44           2.81 

4.00 

8.11 

8.:U             2.47           2.81 

5.00 

8.  80 

8.  51   1           2. 50  '         2.  81 

6.00 

Nappe  fre(^ 

8. 00 

2.  58 

2.81 

QJted  States  Deep  Waterways  scries  14  and  IT).  PI.  XV,  show  the 
t  of  rounding  the  upstn^ani  cn'st  corner,  radius  0.83  foot,  on  a 
el  of  the  Kexford  flats.  New  York,  dani.  In  this  case,  with  a 
22  feet  broad  with  (5:1  slope  on  oach  face,  th(»  (effect  of  roundinir 
me.s  comparatively  slic>:bt.  th(^  aveiat^e  increase*  being  about  2 
5ent. 

lited  States  Geological  SurveV  expc^riments,  series  Nos.  XXXV 
XXXVI,  PI.  XXVI,  show  the  effect  of  the  addition  of  a  4-inch 
18(0.33  foot),  quarter-round  extension  to  the  upstrejim  face  of  the 
p1  of  an  ogee-soctio/i  clnui^  hiiving  4.5  feet  cvost  \\\dW\^\.t>\\  Ac\>^,. 
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Efftid  of  rounded  upstream  crett  comer  on  an  ogee  datn. 


Heftd.in 
feet. 

Chambly 
model, 
aeries  85. 

Same,  with    1     Difference 

rounded  up-  ,    per  cent  of 

Btreum  crest         Francis's 

comer.       1    coefficient. 

0.50 
1.00 
2.00 
3.00 

3.18 
3.30 
3.42 
3.49 

3.23               +1.5 
3.34     1           +1.2 
3.51     1          +2.7 
3.64              +4.5 

EXPERIMENTS  ON  WEIRS  WITH  DOWNSTREAM  SLOPE,  OR  APRON. 
OF  VARYING  INCLINATION. 

Aside  from  the  experimentH  of  Blackwell  on  weirs  with  very  slight 
inclination  and  a  few  series  by  other  experimenters  on  weirs  of  irreg- 
ular section  involving  aprons,  the  data  on  this  subject  are  limited  to 
those  of  Bazin's  experiments. 

Bazin  selected  a  number  of  weir  types,  each  having  a  constant  top 
width,  height,  and  upstream  inclination  and  applied  to  each  a  number 
of  different  downstream  slopes." 

TRIANGULAK    WEIRS    WITH     VERTICAL    UPSTREAM     PACK     AND    SLOPING 

APRONS. 

Such  weirs  are  oircasionally  used,  as  where  the  apron  slopes  to  the 
stream  bed  in  log  slides.  A  siinilaV  form  in  which  the  downstream 
slope  terminates  at  a  greater  or  less  distaiu'o  from  the  vertical  upstream 
face  is  not  uncommon,  and  to  this  form  the  Bazin  experiments  may 
probably  be  applied,  provided  the  breadth  of  the  sloping  apron  is  con- 
siderable. The  experiments  ai-e  of  special  interest,  however,  as  show- 
ing the  effect  of  attaching  a  sloping  apion  to  the  downstream  face  of 
a  thin-edg<»d  weir,  and  by  infenMice  affording  an  indication  of  the  efferi 
of  a  similar  apron  attached  to  any  form  of  cross  se<'tion.  The  result^ 
of  Bazin 's  experiinents  recomputed  on  the  })asis  of  the  Francis  for- 
mula are  shown  on  IM.  V. 

Four  series  of  experiments  on  weirs  '2.40  feet  high  are  includetl- 
For  all  these  series  the  coefhcient  C  tends  to  remain  nearly  constant 
for  the  range  of  heads  covered,  0.2  foot  to  1.5  feet,  there  Iwing  a  sligb^ 
increase  in  ('  with  the  lower  heads  only. 

Two  series  on  weirs  1.H4  feet  high  are  also  given.  In  sei'ies  Up- 
slope  of  apron  8:1,  there  is  a  general  inci^ease  in  coefficient  with  hen** 
below  0.9  foot.  Series  138,  for  a  weir  l.()4  feet  high,  is  duplicated  o** 
a  weir  2.4^)  feet  high,  and  tin*  latter  series  is  given  preference  in  tb** 
general  curv(^  The  low(»r  weirs  indicate  in  both  cases  slightly  highe*' 
coetlicients,  possibly  owing  to  the  incomplete  elimination  of  the  effect 
of  excessive  velocity  of  approach. 

<i  Bazin  did  not  attempt  to  collate  the  resuItH  extenMively.    HIm  general  ri'siim^  has  been  transtUte^ 
hy  till*  writer,  nntl  may  In;  found  in  Kept.  \3.  S.  YioarOL  vA  ^\\«\\\\iCTH  vmv  \)vi«v'^«-VenT«w'^  pt.  2,  I**'* 
pp.  646-658. 
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The  average  constant  coefficients  for  the  several  series  are  shown  in 
he  following  table: 

Mfan  coefficienUy  triangular  weirs  wUh  varying  apron  dope. 


Range  of  head. 


Range  (>(('. 


Serio*.       Height.        Slope. 


From— 


To— 


From- 


To— 


137 
138 
145 
141 
142 


2.46 

1  :1 

0.3 

1.40  ! 

3.84 

3.88 

2.46 

2:.l 

.3 

1.6    ! 

3.48 

3.52 

1.64 

2:1 

.  7 

1.5     1 

3.56 

3.58 

1.64 

3:1 

.9 

1.5 

3.39 

3.41 

2.46 

5:1 

.6 

1.5 

3.08 

3.14 

2.46 

10:1 

.75 

1.5 

2.90 

2.93 

Average  (\ 

3.85 
3.  50 
3.57 
3.40 
3.  13 
2.91 


slope  or  butter  of  «io\vnstreain  face  of  weir>*. 
Fig.  y.— <;oefflclent  curve  for  triariKulHr  \veii>. 


The  mean  coefficients  have  also  been  plotted  on  tig.  t)  and  a  genenil 
curve  drawn.  This  curve  becomes  approximately  a  straight  line  when 
plotteii  on  logarithmic  cross-section  paper.  Its  equation  expressed  in 
logarithmic  form  is 

3.85 


r= 


^yo.i2 


c^o^( 


^here  Sia  the  batter  or  aslope  of  apron. 
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If  iS=6,  then,  aulving  by  logarithmH, 


log  ;i.H5^a5«54rtt»7 

log  C-^ilAi)2<mh 


W  Fig.  f»  givPH  0=3*07;  iho  ditTt*reiuo  in  1  |H*r  oi^iit, 
P    Tlu^  fotlnwihg  conclui?sinTii^  diMlutcd  from  ihv  ivcomputt^d  tkita  i-un 
fonn  in  gt^titiml  with  tlioNe  of  Bazin: 

L   Fur  st<>f*jp  ttprcni  rtlojH\s  wlieiv  ihc  iiiip]>i'  UimU  to  fn'cnk  frm,  tisf 
apron    niHtorially    int-reaneH  tlic    cliMoliur^'T^    hs    |K*rnjit.tiiig  h   |mrtiH! 
mciiiim  to  lie  f<jnacHl  luidcnjeiitli  tli<*  Tmp|x.\ 

'2*   For  flat  apron  slop*'!^  thti  tMmditiont^  apprtmrh  thoH**  for  n  liuri 
jcotital  cr%*HU 

■    3*  For  an  apron  hIojk? of  a^K>tit  ii :K  tW  diNiharjyft^  it* iioHrly  the  eaime 
^*i  for  a  tIiitiM>dp*d  wi*lr. 

4,   For  sloiK*J!i  greater  tliaii  H:l  tlio  apron  diminiHheM  thi.*- dii^hnrgf! 
the  amount  uf  diniinutioti  iiKinNiMini,^  »i^  thi^  i^hijH^  iK^omc^  flatter. 

TEIAKUUIAH    WEIltfi    WITH    UPBTHEAM    BATTEK    1:1    AHU   VARTIKG    8U>P* 

OF   APHON, 

Three  i^erieH  of  experinientn  \>y  Bazin  are  iarluded  (PL  IX),  all  mad® 
from  weiri*  l.(i4  fet*t  lujjfh.  Thi^  results  tire  ronijiarAhle  am<>ng  theii'^ 
ii^elve?^,  but  owing  toth«  high  velocity  of  approauh  tlieir  general  appi*' 
eability  is  less  certain, 

Serie;;  No.  IGl,  down-stream  .-lope  1:1,  .sfiuw;?^  a  g^enerallv  decrejA.^iiil=? 
coeflBcient  with  an  apparent  tendency  to  become  constant  through  ^ 
narrow  range  of  heads,  from  0.5  to  0.9  foot,  with  6^=about  4.11. 

Series  No.  163  and  1H5,  with  apron  slopes  of  2:1  and  5:1,  give  coefti  ^ 
cient  lines,  which  may  be  fairly  represented  by  the  constants  3.82  an^ 
3.47,  respectively.  These  coefficients  compare  with  those  for  vertica-i 
weirs  with  the  same  apron  slopes  as  follows: 

Comparative  coefficients. 


Batter  of 
apron. 


1:1 
2:1 
5:1 


Vertical 

face. 

(' 


I  Face  in- 
clined 1:1 


3.  Ho  I  4.11 
3. 5:^  j  8. 82 
8.13         :5.47 


DifTerence, 
per  cent. 
Francis's 

C(M>t!U'ient. 


+  7.8 
-f  8.7 
+  10.2 
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XPERIMENT8  ON  WEIRS  OF  TRAPEZOIDAL  SECmON  WITH  UPSTREAM 
SLOPE  OF  i:l,  HORIZONTAL  CREST,  AND  VARYING  DOWNSTREAM 
SLOPES. 

Five  series  of  Bazin'S  experiments  on  weirs  2.46  feet  high,  with 
rest  width  of  0.66  foot,  are  shown  on  Pis.  VI  and  VII.  The  curvets 
idioate  coefficients  increasing  with  the  head,  the  rate  of  increase  being 
lore  rapid  for  the  steeper  apron  slopes.  There  is  a  tendency  to 
epression  at  about  0.4  foot  head,  representing,  possibly,  the  point  at 
hich  the  nappe  changes  from  adhering  to  depressed  condition  on  the 
ownstream  face.  The  curves  are  all  convex,  and  apparently  approach 
constant,  which  was  not,  however,  reached  within  the  limit  of  experi-* 
lonts.  except,  perhaps,  for  the  flattest  slope  of  5:1.  The  coefficients 
icretuse  in  value  as  the  steepness  of  the  apron  slope  increases. 

Three  series  of  experiments  on  weirs  similar  to  those  above  described, 
mt  with  flat  crests  l.fJlT  feet  wide,  are  shown  on  PL  VIII.  The 
oefficient  curves  are  of  uncertain  form  for  heads  below  0.6  foot. 
:*'or  greater  heads  they  niay  be  represented  })y  inclined  straight 
ines.  The  coefficients  increase  uniformly  with  the  head,  the  initial 
values  for  0.6  foot  head  being  nearly  the  same  for  the  several  slopes, 
the  increase  being  more  rapid  for  the  steeper  downstream  sloi>es. 

It  may  lie  seen  from  the  following  table  that  increased  width  of  the 
flat  crest,  as  compared  with  that  of  the  preceding  weir,  causes  a 
decroase  in  the  discharge. 

ConijxircUire  roeffirietiUt  at  l-fofd  heady  weirs  withjlai  crexts  and  i.7  upstream  slope. 


I 


'  '  Crest  width,  In  feet. 

Slope  of  I.      _    .  _ 

apron,  j 

I        0.66        1        1.317 

1:1  I       8.52       j 

2:1  j       Xm  2.985 

;^:l  3.2a'>      

4:1  I       S.205  2.94 

5:1  I       :{.  195      

6:1  1 2.9.-; 


COMBINATION  OF    COEFFICIENTS   FOR   WEIRS   WITH   COMPOUND 

SLOPES. 

Series  163  for  an  apron  slope  2:1  represents  a  weir  form  vvhicli  would 
^pr(xluced  by  placing,  vertical  face  to  vertical  face,  ii  weir  with  hack 
slope  1:1  and  a  weir  with  ai)ron  slope*  2: 1.  For  the  fonner,  Hazin's 
experiments  indicate  10  percent  excess  disclmrofe  over  that  for  a  tliin- 
weir,  and  for  tin*   latter  (from  PI.  V)  r=3.50,  eciuivalent  to  5 
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I  per  wilt  excels  over  a  thin-edged  wein  If  the  dit*t'harge  over  the  h\ 
I  upwtreata  slope  wan  similarly  increased  by  th«  addition  of  an  apron, 
I  C  would  be  8.00x1.05-8.84.  PL  IX  indiratos  ^-3.82, 
I  The  above  method  of  dote rm in  lag  the  fXH^^eieot  for  weir  of  irrega- 
I  kr  cro.s8  section  by  combining  the  eoeffit  ients  for  two  princifiul  ele- 
rment?H  of  which  it  1m  t^omposed,  as  f^epamte  weirs,  is  restricted  in  id 
application  und  may  lead  to  incpni?bteru'ies. 

WEIRS  WITH  VARYING  SLOPE  OF  UPSTREAM  FACE. 

Kxperiiuents  were  nnide  by  Hazin  on  tliin-iHiged  weirs  incHtifrf  at 
various  nngie.s»  Ba^tin  foiuid  tht^  ratio  of  the  coefficient  of  diMbarwr 
to  that  for  a  vertical  thin-edgod  weir  to  be  seoaihly  i^onstant  fbr  all 
headis  svitliirT  the  limits  of  his  ext>erirnents,  0.0  to  L5  feel.  Bam* 
re^iiult.^  were  expre,s8ed  in  the  form  of  a  modnliis  l)y  whieh  tu  inyltiplr 
thPi  coefficient  for  a  vortical  weir  to  obtain  that  for  an  tndtned  wrir. 
AKstmiing  the  Fmncijs  coefficient  ^^.83  to  apply  to  ^  vertic^nl  weir,  tfe 
coetficicnt^  for  weirisof  variouM  inclinations  would  be  as  foUow^^: 


1  hoHionta!  to  1  vertictl, .  _ 

0.«3 

UpHtrettm  indinutum  ijf  the  weir i 

2  honjEontal  tg  3  vertlcaiL._ 

.94 

SJ» 

1  harizODtal  to  3  vertiuaL,, 

.96 

l\^ 

Vertit'Bl  weir,, „,-.-, --„.*. 

1.00 
1,04 

3.330 

1  htiristontal  to  3  verticuL .  - 

3.40 

2  lMjn/,t>nUil  fjo  'i  vertit*jiL.- 

J.  07 

a,« 

Downstream  indinaUun  of  tb^  weir.. 

1  lion*iJiital  to  I  vertit^L,. 

I.  10 

tm^ 

2  horiKonUl  to  1  vertioiL.- 

L12 

t^ 

4  horizontal  to  1  vertic-aL .  - 

1-09 

x^m 

On  PL  XVI  are  hIiowd  the  re^ult^  of  Ihuted  States  Deep  Waterways* 
experiment**  on  weirs  4.9  feet  high,  having  horizontal  crest*  U.tST  ftx^^ 
broad,  and  with  various  inclinations  of  the  upstream  j^lope.  Tht' 
experiments  cover  beadn  from  1,75  to  5**^  feet,  but  oidy  3  or  4  \^mi^ 
are  given  on  each  coefficient  curve.  The  rej^^ults  indicate  in  a  genenil 
way,  however,  nearly  constant  coefficients  for  each  inclination  of  the 
upstream  face*  The  values*  of  the  coefficients  are  cons^iderably  smaller* 
than  tho^e  oVitained  by  Bazin,  whone  experiments  were  on  weirs  ^*4^ 
feet  high  with  sharp  ct'ents* 

Pis.  X,  XI,  and  XII  ahow  the  i-e^ult^  of  experiments  of  Bazin  on 
weirs  of  irregular  section,  with  various  upstream  slopes.  Ph  X 
includes  5  series  of  experiments  on  weirs  1.64  feet  high,  with  sharp 
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igles,  and  2  :  1  downstream  slopes.  The  coefficient  curves 
lepression  period  at  from  0.3  to  0.7  foot  head,  beyond  which 
icients  may  be  fairly  represented  by  constants  up  to  1.5  foot 
e  limit  of  the  experiment).  A  general  curve  showing  the 
coeffi<*ient  in  terms  of  a  downstream  slope  or  batter  has  been 
This  indicates  a  maxinuim  coefficient  of  dis<»harge  for  an 
II  slope  of  about  2.6  :  I.  Bazin  found,  for  thin-edged  weirs, 
lined  downstream  slopes,  a  maxinmm  coefficient  for  an  incli- 
F  30^,  or  If :  1. 

A  and  XII  show  coefficient  curves  for  weirs  having  the  same 
II  slopes  as  in  PI.  X,  but  2.46  feet  high,  and  with  flat  crests 
t  wide.  The  coefficient  ciirv^cs  are  convex  outward,  indicating 
y  may  approach  constant  values  at  some  |X)int  beyond  the 
f  the  experiments.  The  marked  difference  in  character  of 
efficient  curves,  as  compared  with  those  in  the  preceding 
s  notable.  For  weirs  with  flat  crests  0.67  foot  wide  the 
its  for  a  given  head  uniformly  increase  as  the  slope  l)ecomes 
p  to  a  batter  of  aV)out  If  :  1.  They  are  aLso  greater  for  all 
ithin  the  limit  of  the  experiments  than  the  (coefficients  for 
th  sharp  crest  angles.  The  comparative  values  are  indicated 
Uowing  table: 

Comimrative  coefficient*^  weirs  with  i-arying  upstream  slope. 


2 : 1  down- 


rp- 


Pls.  XI  and   XII,  0.67  feet    I 
Pl.X,  ercjjt    width,    2:1   down-    i 

sharp  <rre,*«t,  ntream  Hlope. 


Hlope.       ""^/^-n  Head,  infect.  | 

stant  coef-  —       -  -  i 

fleient. 


0.5 


1.0       I       1.5       I 


r  (•  (•  r 

,     Vert.  3.  oH  ;  2. 78  '  3. 2(i  'A.  51 

J  :  I  'A.  ()8  2. 87  ^  'X  :U  'A.  56 

!        A:l  .T  72  2.92  'A.:\H  :i  62 

I      1:1  3. 83  ;;.  OS  I  3. 42  :i.  (>r> 

I        2:1  8.87  S.  lo  I  8.43  'A.VA 


be  seen  that  the  addition  of  the  flat  crest  has  an  effect  in  this 
liar  to  that  observed  in  Pis.  VI  and  VIII,  showing  the  results 
iments  by  Bazin  on  weirs  with  various  downstream  slo])es. 
I  States  Deep  Waterways  s<'ri(\s  No.   7,  PI.   XVII,  may  be 
i  with  Bazin's  series  No.  ITS,  shown  on  PI.  XI.     The  former 
coefficient  of  3.. 55  for  a  licad  of  2  feet  on  a  weir  4.89.")  feet 
I  C€)efficient  slowly  inrnmsing  with  the  head.     The  latter  gives 
ent  of  3.f)  for  a  head  of  1.5  feet,  decreasiw^  vwpv^N  vvs>>i5^si, 
reoifes. 
S0-<» 13 
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United  States  Geological  Survey  series  No.  XXXIX,  PI.  XXVIIl. 
and  United  States  Deep  Waterways  series  No.  18,  PI.  XVIII,  repre- 
sent weirs  with  vertical  downstream  fac^s  and  inclined  crests.  The 
upstream  slope  does  not,  however,  extend  back  to  the  bottom  of  the 
channel  of  approach,  but  is  cut  off  abruptly  by  a  vertical  upstream 
face.  The  average  coefficients  deduced  from  these  series  have  been 
plotted  on  a  general  curve  on  PI.  XVI,  the  coefficients  agreeing 
closely  with  those  of  the  United  States  Deep  Waterways  exf)erimenti5 
on  weirs  of  similar  upstream  slope,  extending  to  the  channel  bottom. 
United  States  Geological  Survey  series  No.  XXX  represents  the  Dolge- 
ville  dam,'  with  rounded  crest  removed,  leaving  a  trapezoid  with  crest 
()  feet  broad  and  1  foot  lower  at  upstream  than  at  downstream  edge. 
The  coefficient  is  not  constant,  but  apparently  approaches  a  constant 
value  of  about  3.25  for  heads  exceeding  8  feet.  United  States  Deep 
Waterways  series  No.  18  represents  a  model  of  the  spillway*  of  the 
Indian  Lake  dam,  having  a  crest  7  feet  wide,  1.5  feet  lower  at 
upstream  than  at  downstream  edge,  which  gives  an  average  constant 
coefficient  of  3.42. 

It  is  suggested  that  if  the  upstream  slope  of  an  inclined  weir  is  con- 
tinued back  ()  feet  or  more  and  terminates  in  a  vertical  upstream  face, 
the  discharge  coefficient  will  not  differ  materially  from  that  for  an 
upstream  slope  extending  to  the  channel  bottom. 

DAMS  OF  OGEE  CROSS  SECTION,  PLATTSBURG-CHAMBLY  TYPE. 

The  United  States  Geological  Survey  experiments  on  dams  of  this 
typo  are  shown  on  Pis.  XXIII  to  XXVII.  Cross  sections  of  the 
various  dams,  with  lines  indicating  the  comparative  size  of  the  models 
used  in  the  United  States  Geological  Survey  experiment*!!,  are  shown 
on  PI.  XXXIV.  Gross  sections  of  other  ogee  dams  used  as  weirs  are 
shown  on  PI.  XXXV. 

This  class  includes  dams  with  downstream  crest  radius  sufficiently 
large  to  n^ain  the  nappe  always  in  contact,  yet  not  so  large  as  to  sim- 
ulate a  broad  Hat  crest.  We  thus  exclude  the  Dolgeville  section  on 
the  one  hand,  in  which  the  nappe  as  observed  in  the  existing  dam  par- 
tially or  completely  ])reaks  free  near  the  crest  for  other  than  very  low 
stages,  and  on  the  other  hand,  the  Austin  dam,  with  a  crest  radius  of 
t^i^  feet,  which  appears,  from  th(^  meager  data  available,  to  lie  outside 
this  class. 

We  have  arranged  the  available  data  in  order,  advancing  with 
decr(nisc(i  breadth  and  increased  inclination  of  sloping  upstream  face. 

The  coetlicicMits  for  various  depths  are  as  follows: 


U.   «.  QCOLOOICAL  tUMVCV 
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Smooth  stone  --• 


COMPARATIVE  SIZE  OF  MODELS  AND  SECTIONS  OF  OGEE  DAMS- 
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€R  RIVER,N.V. 
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Honk  Falls, N.Y. 
Crest  sect/on 


CROSS  SECTIONS  OF  OGEE  DAMS. 
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Comparatire  coefficients,  dams  of  ogee  cross  section. 

I%r;   ^!/;i!r-'  M^ifledPlatt«burK. 


'" \   bly.     I  burg 

•prox.  coniitHnt  cocffl-  i  '  i 

-lent 3.4:<5    i  3.48  3.4«     I      3.48  3.70      ,  3.70  ;      3.70        

t?adthof  flope.  in  feet .,       4..">              3  3,333                3  3 

tterof»loT>e I     4i:l  4:1  4:1      !      4:1  2:1      •  2:1  :      2:1  1.04:1 

est  radius,  in  feet 2.0  3.0  3.0      ■     .3.0  3.0  3.0  i      3.0  3.0 

ineriment T.B.G.S.  r.S.  G.S.I  Mean  of  U.S.G.H.  T.S.G.S.' Meanof  r.S.(}.S. 

ne-» i !  ««30  I      <»31      ^     30-31    |  632     ,  "33  '    32-33  ,       34 

eatlO.ofoot ' 3.22 ^  3.29'  3.  22  |  3.  255    

l.Ofoot 3.3()'  3.43'     3.29  i  3.36     ,  3.37  3.44  |  3.405*       3.46 

2.0feet I    3.42  3.42  3. :«  I  3.  :«5  ,  3.51  i  3.67     3.59  3.75 

3.0  feet i     3.49!  3.47  '     3.43,3.45  3.57,  3.72     3.645  3.87 

4.  0  feet 3. 53  ,  3. 52  ^     3. 54  1  3.  53  3.  67  I  3.  74     3.  705  3.  H8 


5.0  feet , 3.62    3.73 

I 
6.0  feet I ; 


« 15.969  feet  crest  lenj^h.  without  end  contraction, 
ft  7.979  feet  crest  length,  one  end  contraction. 

It  appears  that  the  rounded  ere.st  changes  the  character  of  the  law 
'  coefficient  from  a  value  tending  toward  a  constant  for  each  back 
Dpe  to  a  slowly  increasing  function  of  the  head.  Compared  with  the 
instant  coefficients  for  weirs  with  similar  upstream  slopes  extending 
ick  to  canal  bottom,  and  with  vertical  faces,  we  tind  that  the  con- 
ant  values  deduced  for  these  cases  correspond  with  the  values  of  the 
trying  coefficients  for  ogee  sections  at  a  medium  head  of  2  to  4  feet. 

By  plotting  the  data  for  weirs  of  ogee  section  on  logarithmii*  cross- 
ction  paper  the  following  convenient  approximate  formula  has  been 
educed,  applicable  for  weirs  with  2  or  3  feet  crest  radius  and  up- 
ream  slopes  3  to  4.5  feet  broad.  ^S'  indicates  the  batter  ratio  of  the 
one  l^^rizi>P^^run 
'   vertical  rise 

6'=[3.H2-0.1*;(X-1)] //s*^' (71) 

f  A'=  2  : 1         //=  4.  U         C=  3. 4t;  X  4^'*' 

.log4'^=0.0301()3         6'=3.4<;xl.()71H  =  3.70. 
The  experiments  give  ^'=3.74. 

EXPERIMENTS    ON    DISCHARGE    OVER    ACTUAL  DAMS. 

On  PI.  XXXVII  are  shown  the  results  of  a  number  of  experiinents 
^adehy  measuring  the  discharge  over  existing  dams  by  means  of  ficmts 
or  current  meters.  Aside  from  those  for  the  Austin,  Tex.,  dam,  the 
^atahave  been  collected  by  Mr.  (xeorge  T.  NeUes." 

'»t)t<»ru.<«Rlon  of  paper  by  <i.  W.  Riiftcr  u\\  the  flow  of  water  over  dums:  Tran.**.  Am.  S<><>.  (\  K..  v(»l.  14, 
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ULACKHTOIiK    KIVKH    AT   ALBION,  MASS. 

This  is  11  tinU>L'r  dam  2\7  fi^i^-t  lung,  with  horissuiiUiI  t.iv><t  1  foot  widf, 
V€*rtlcal  down^treHin  fHft%  nm\  npslreuiii  .slape  t-overt^d  witli  ripmju- 
LHscharge  wits  iiumsun^d  f»y  riirn?rit  meter  5no  feet  beluv^^  dam,  ami  tbtj 
depth  wuH  mmsuHHi  by  }i<M>k  *rai,a^  :iU  feet  upstreani  from  crM*  <V 
efficnent^  have  not  f*eeii  eor reeled  to  elimtnate  velocity  of  sippniack 
They  illustrate  the  iinrertaiuty  t»f  di.'^ehargt*  for  broad-crest  in!  vsn^iM^f 
small  width  under  low  heads. 


^  Mi:>*KIX(aT1H    RTVEH,  OHIO, 

Discharge  was  uieasured  liy  rod  llonts  in  a  rrosn  ^ertioci  M>ff^\ 
above  (he  dams,  which  are  eonstructed  u{  timWr  erihs  tilled  wifh^^w"^ 
Data  by  Maj.  \\\  H.  Bixby,  l\  S.  Arujy. 


Num- 

bVTOf 


1  f  Xt&i  qf  U\M^ 

on  forest,    hdifht,  iaiiectloi],  hiia  eubk 


In  feet. 


535 

472 
-515 


feet 


muftr« 


12.6 

15.  ff 
14.2 

lao 


7,765 

8, 2m 


T 


1(^,1  Ig 

21,015 


;  330     22,  310 


fu  fi^t  pel 


3.045 

2.653  I 
3.044 


tLOO 
5.70 

7.00 
5.16 


1 

4.4U 


4.41« 
4.7S3 
4.81^ 


The  depth  on  cre»t  has  not  been  corrected  to  eliminate  velocity 
appi'otudu 


OTl'AWA    RIVEB    DAM,  PANADA. 

Data  by  T.  L\  Clark,  C,  E-     Dam  30  feet  high,  with  upstrefljn 


AtKJt 


downstream  faeen  planked  and  y loping  3:1,  forming  ^harp  crest  iu# 
at  junction. 

Jil)ihaFg€  datia  fur  Otfnn^  Rifrr  detm. 


cocBlcleiil  C 


These  data  are  riotjible  as  giving  the  only  authentic  value  of  ^^ 
charge  over  a  dam  under  so  great  a  head  as  10  feet.     The  higb  ^'^^ 
cieut  found  foi"  a  head  of  2.5  feet  renders  the  results  somewhat  duub^* 
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" 

" 

^Jf® 

* 

Ti 

k^' 

"* 

.,^ 

t- 

»' 

L*^,^      Sect/on  o/- 


.4  .•  .t  1.0  l.t  1.4 

Corrected  h<«(i  //  in  fet>t. 


TAYLOR-HOWARD   EXPERIMENTS  ON    DAM   AT   AUSTIN,  TEX 


I 
I 
I 
I 

I 
,     / 


[^ 

*  \ 

; 

i 

i 

sr 

l1^ 

h 

.2  .«  .6  .8 

Corrected  head  H  in  feet. 


EXPERIMENTS  OF   OWIGHT    PORTER,  BLACK8TONE  RIVER,  ALBION,  MASS. 


Tirrt^er  cr>b%  .   Hone  fiUnJ 


— 1 

'^. 

.-^ 

b:. 

P 

^^ 

n 

... 

- 

H      ■ 

— 

— 

1 

^ 

\-' 

■  - 

-■ 

■^ 

'" 

^ 

■K* 

kv 

'- 

^, 

k 

-■»■ 

^ 

**   ^ 

^ 

- 

^ 

D- 

('<>rrv<'ted  head  //  in  feet. 

MUSKINGUM    RIVER    DAM.       DATA    BY    MAJ.    W.  H.   BIXBY,  U.   S.   K. 
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AUSTIN,  TEX.,  DAM.*' 

A  .series  of  current-meter  measurementn  of  the  discharge  over  thi> 
lam  were  made  in  January  and  March,  1900.  Several  observations  at 
?ach  depth  have  been  combined.  The  resulting  mean  coeflBcients  are 
riv^en  in  the  following  table: 

IHscharge  coefficients  for  Oie  Austin^  Tex.,  dam. 


1 

Date. 

Num- 

iHT. 

U 

y/=depth 
at  creMt 
of  dam. 

Rante 
atioii 



Fn>m— 

of  vari- 
of  C. 

To— 

Number 

of  de- 
termina- 
tions. 

1 
Average 
valne     i 

of  a    1 

1 

1900. 

— 

Jan.  15  ' 

1 

1.09 

0.8:^ 

3.09 

3.14 

4 

3.  132 

Jan.  18  1 

2 

.72 

.625 

3.00 

3.11 

11 

3.  a53    1 

Jan.  26  , 

3 

.42 

.33 

3.06 

3.  13 

4 

3.112     1 

Mar.  28 

4 

1.44 

1.04 

3.  32 

3.  36 

3 

3.  iSS 

Mar.  28 

5 

1.82 

.96 

3.26 

3.33 

'^ 

3.  302  J 

A  verajj:e ' . 

3.  186     ' 



ROUGHNESS  OP  CREST. 

The  models  used  in  weir  experiments  have  usually  been  constructed 
>f  planed  and  matched  timber.  In  actual  dams  a  wide  variety  of  con- 
litions  exist,  including,  in  the  order  of  roughness,  sheet-steel  crests, 
J>oards  smoothed  by  wear  and  rendered  slippery  by  water  soaking  and 
f  vmgus  growths,  unplaned  boards,  dressed  masonry,  formed  concrete, 
rubble  and  undressed  ashlar,  with  earth,  cobble,  or  broken-stone 
approaches.  For  the  determination  of  the  extent,  if  any,  to  which 
the  coefficient  applying  for  a  smooth -crested  dam  must  be  modiHed  to 
apply  to  any  of  these  conditions,  the  following  data  are  available. 

UNITED   STATES   DEEP   WATERWAYS,  SERIES   7   AND   8  (PI..  XVIl). 

Model  dams,  4.9  feet  high,  2: 1  slope  on  both  faces.  The  mean  coeffi- 
cients are  about  1  per  cent  greater  for  crest  of  planed  l)oards  than 
for  crest  covered  with  one-fourth-inch  mesh  wire  cloth. 

a  Taylor.  T.  U.,  the  Aostin  dam:  Water-Sup.  and  Irr.  Paper  No.  40.  U.  S.  Geol.  Survey.  1900.  p.  3:^. 


r 


134        WEI 8    KJfiFKRIMKNTH^   Ct^KFFlCIENTS,    AND    FuRMLTLAS. 


rHOT<>N    DAM,  HOrNT>'C^aEaT   SECmON,  MODKL   A    (PL-   XIX), 

Crei^t  rijuiKlt^,  raditii^  10  feet.     Upstrf^uin  slnjK'  about  0: 1. 


a«Htftf-.... 

I 

u 

t                  » 

H«id,  In 

SnkootK-iHiie 
erest. 

ITEiplsnetA- 

plucik  crefel 

utone  dope. 

win?  cloth 

0.2S    i 
.SO 
LOO 

,.« 

2.0U 

%m 

3.00 

5.34 
3. 24 
3.21 

:^.2i 

3.21 

a  21 
a.2j 

2.R4 
2JH 
H-04 

:ii2 

3.  15 
3. 15 

3.11* 
3.18 
3.1J* 
5.20 
3,21 
3.22 

a.S2 

3.  ifi 
3.  Oil 
3.  Ih 
3.  Ifi 
3.15 
3/15 

nTltijt  Mfles  «Lp|)«fttii  flonbtful.— R.  E.  fl. 
OBO^rOH   DAM,  AKGULAH   gEGTION,  MOD£L    B  (PL.   XX). 

Apron  m!oi>c  l/J5:l,  upnitrc^aui  sloi>c  H.24:l  for  13  ffset,  then  rou^ 
and  slope  about  4: 1  to  bottom. 

Comparaiwe  coejfficientfij  varifing  ronghiieMy  Croton  angidar  craA. 


Unplaned   {Rough-stone 

plank.  approach, 
rough-stone!  wire  cloth 
approach.    |    on  crest. 


N^^Series. 
Head/X 

Unplaned 
plank. 

0.25 

3.61 

.50 

3.63 

1.00 

3.67 

1.50 

3.68 

2.00 

3.70 

2.50 

3.70 

3.66 
3.  66 
3.  66 
3.66 
3.66 


3.56 
3.57 
3.58 
3.60 
3.61 
3.62 


The  data  given  above  are  somewhat  discordant,  but  indicate  that 
general  the  decrease  in  discharge  resulting  from  the  roughness  of  t 
various  materials  forming  the  crests  and  approaches  of  dams  will  t 
exceed  from  1  to  2  per  cent  for  low  heads,  and  usually  decreases 
the  depth  of  overflow  increases, 
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FALLS. 


Bellasis^  presents  the  following  analysis  for  a  fall  in  which  there  is 
either  a  raised  weir  nor  a  lateral  reduction  in  section.  If  r  is  the 
i.ean  velocity  at  CD^  near  to  AB^  then  v  is  both  the  velocity  of 
pproach  and  the  velocity  in  the  weir  formula 


v=lc^2g(D+a^y 


^J^/^yyy^^//y^////>^//^/y////////////y^////^^. 


Fio.  10.— Full. 

here  c  is  a  coefficient  of  velocity. 


t'*= J  &  'lgD^\  a(?^ 


{\^\ac^if=:\<?^lgD 


v=—. 


Ic4^ 


Making  a=1.0()  and  <?=().  79. 

3.424  V/^"     ,  ^,    /Ti 

The  depth  Z>is  to  l>e  measured  so  near  ^1^  that  the  water  shall  have 
cquired  its  velocity  of  efflux.  The  depth  will,  of  course,  be  affected 
y  the  surface  curve,  the  upstream  extension  of  which  will  l)e  longer 
ccording  as  the  slope  of  the  leading  channel  is  flatter,  being  very 
Teat  for  a  horizontal  channel.  The  formula  needs  experimental  veri- 
cation,  but  affords  a  convenient  basis  of  approximation  of  the  flow 
brough  troughs  and  sluices  and  over  apions  and  falls. 

Experimental  data  for  c  are  needed. 

a  Hydraulics,  p.  99. 


i 


6       WMIR  BXFKRlMKNTg,  OOEFFICIENT3,   AND 


«n 


1<'<)RMUI*A9. 


WEIR    CURVED    IN    PLAN. 


Millditmri  of  botli  wood  and  iiiiLsorirY  »re  often  constructed  to  boi 
tiiKHtr(*iim,yuuietitnejs  to  secure  the  added  strength  of  arched  fonu.ur 
socitre  additional  spillway  length,  or  to  follow  tlie  crest  of  a  favorHhir 
ilfK-k  ledge,  or  to  throw  the'  iee-hearing  current  away  froni  irjtalio 
gntcs*  The  dam  may  follow  the  arc  of  a  circle,  or,  hs  in  cottitno!]  witli 
timber  daiusi,  there  may  be  an  abrupt  angle  in  the  plan  of  tin*  Oaa 
Fig,  11  ^bowH  a  graphical  comparison  of  curved  and  angle  danwivi»bii 
straight  daui  across  the  ^atne  channel,  the  former  biding  each  13.5  ]m 
cient  longer  than  the  straight  ere**ted  danh 

If  anwh  an  arched  spillwaj'  opens  out  of  a  broad,  d(*ep  pond,  thedis^ 
charge  over  it  would  l>e  greater  than  for  a  straight  overfall  very  mniHj 
In  proportion  to  the  excess  in  length  of  the  arc  as  compared  with  tb 
length  of  its  chords 

When  the  stream  in  confined  in  a  restricted  channel,  the  incii^a?^(^ 
velocity  of  approtu'h  above  the  longer  spillway  will  liecouie  a  fadoL 
Thus  if  two  danis^one  straight,  the  otlier  arched— were  placed  iji  tbi' 
sanie  stniight,  uniform  channel,  and  the  depth  on  crest  meaMuiTji  at 
the  same  distance  upstream  from  each,  then,  with  the  .same  mea^Niin^ 
head  on  both,  the  velocity  of  approacli  to  the  arched  dam  would  be 


Fiii.  IL— Wdr  uunred  or  aiiiruliir  In  |4iiii. 

greater  nearly  in  the  «mme  pmportion  that  iL<*  length  of  creat  and  dLs 
charge  are  greater  than  for  the  ^stmight  crest.  Properly  corrected  for 
velocity  of  approach,  the  arched  dam  will  give  a  correct  measurement 
of  the  discharge,  the  length  of  the  arc  lieing  used  as  the  crest  len^h- 
When  the  length  of  the  arc  greutly  exceeds  the  chanuel  width,  the 
velocity  of  approach  may  become  excessive,  introducing  uncertainty 
as  to  the  propei-  correction  coefficient,  ditliculty  in  nieasuriiig  the  head, 
and  an  uplifting  of  the  centml  swifter- flowing  portion  of  the  streifli 
surface* 

The  circular  overflow  lip  of  a  vei'tical  artesian- well  casing  is  some 
times  used  to  approximate  the  flow,  the  measured  depth  of  wat^r 
above  the  lip  of  tbe  pipe,  together  with  its  circumference,  being  used 
in  the  weir  formula.^ 

nExpeHmcnts  Bhowtng^  Ihe  cUacluiri^e  oyer  n  clrrular  weir  to  hv  pmpOf\A(miiX  to  the  Ipngtb  ^  ^ 
arc  ^ete  mad^  hy  s^tnipiun  &i  Qh^v  Mit^a,  SomtimeuUiirc;,  Eni^land,  IS&O,  not  reoonled  Jiv  a^t&U^ 


WEIE   EXPERIMENTS,  COEFFICIENTS,  AND    FORMULAS.        137 

SUBMERGEI)  WEIRS. 

THEORETICAL   FORMULA. 

I  a  '•'submerged,"  ''drowned,"  ''incomplete,"  or  "'partial"  weir  the 
?r  on  the  downstream  side  stands  above  the  crest  level, 
tie  submerged  weir  is  not  extensively  used  as  a  device  for  stream 
ng.  A  knowledge  of  the  relations  of  head,  rise,  and  discharge 
uch  weirs  is,  however,  of  great  importance  in  works  of  river 
rovement,  canals,  etc.,  and  the  leading  fornmlas  are  here  presented, 
may  be  added  that  for  situations  where  head  can  not  be  sacTiticed, 
luding  the  use  of  an  ordinary  weir,  and  where  the  velocity  is  not 
ntinuous  function  of  the  depth,  as  in  race  ways,  making  a  channel- 
ig  curve  inapplicable,  the  use  of  submerged  weirs  to  measure  or 
rol  the  discharge  merits  consideration.  Their  use  for  such  pur- 
s  as  the  equable  division  and  distribution  of  water  in  iK)wer  canals 
hitherto  been  very  restricted,  owing  to  the  lack  of  experimental 
icients. 
?t  //=Head  on  upstream  side,  corrected  for  velocit\^  of  approach. 

/>= Measured  head,  upstream  side  of  weir. 

d  =  Measured  head,  downstream  side  of  weir,  or  the  depth  of 
drowning,  taken  below  the  ressault. 

^  =  Difference  of  elevation,  upstream   and  downstream   sides 
^Il-d, 

/^  =  Height  of  weir  above  channel  bottom. 

L  =  Length  of  weir  crest,  feet, 
y'  =Mean  velocity  of  approach. 

A  =  Head  on  a  thin-edged  weir  that  would  give  the  sam<»  dis- 
charge. 

J/'  and  C*  coefficients  of  discharge  for  a  submerged  weir. 


FKi.  12. — SubnuTg«'<l  weir. 

16  theoretical  formula  of  Dubuat  for  discharge  is  obtained  In 
•rding  the  overflow  as  composed  of  two  portions,  one  through  the 
er  part  D—d^  treated  as  free  discharge,  the  other  through  the 
jr  part  c?,  treated  as  flow  through  a  submerged  orifice 
ombining  the  two  discharge.* 


Q^  <?i+4>3=  3  >!'i(f  L(I)-d)^  \-Ld^2g(I)-d) 


r 
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1 


k 


Hy  rl»duciTlJ,^  iiifHudiiiijr  h  t*t>olHrit>iit.,  iind  iL-*ingtbt*  bond  // rurriM*t^ 
for  velocity  of  jij^pniavlu  wt*  Inivi'  thegt^noml  formula  for  a  submerged 
weir. 

(^=1  M'  U^z(fl-tf^  =  C"l  (  //+f )V^  ...    (73) 

The  head  dut^  to  tht^  sekicity  of  retrt*at  Rhoiild  in  Mtrk*lnei^s  lic>iuh- 
tnietiHl  from  (lie  deptli  of  sulmiergence  d.  Thin  i*^  not  common  ly  done. 
however,  in  the  experiments,  wbere  tbe  usaal  method  of  producing:  ihe 
sjubmerj^eaee  is  hy  dumiJiiHj£  and  roturdin|jtbe  water  i>etow.  In  pmc* 
tit!B,  if  tho  velocity  of  i-etre^it  U  large,  the  eorrection  j*hould  te  intide 

The  tlKMir\'  of  formula  (7*^)  makes  r'  =  t,5  times^i  the  vahie  of  the 
eoi^tiirit^nt  C  in  the  free  portion  of  the  db5chiirgt\"  Tbi^  valm^  i* 
itdopled  Uy  DuIkihI  and  Weiwbach,  ^ 

I)^VuhuisH^>n  gives  ("  —  lA*^i\ 

Franciss  early  experiments  make  (/'=  l.HiSC 

From  gage  records  of  large  rock -KI led  erih  dams  on  Kentucky 
River,  having  iilatdtrd  u^ii^trean)  ^lojii*  H:l  and  vertieal  s^tep^  Movi 
crest — height  of  damn  about  2ii  feet,  he-udii  4  to  7.5  feet,  mc«iii  5.3 
feet — Nellen  found  resnlt^s  as  follow,«i: 

Dam  No.  *X  water  falling  slowly  4  dayi«,  6"  =  1.3C 

Dam  No.  2^  water  failing  slowly  H  days*,        '  C'^l.D'6f\ 

Dam  No.  1,  water  rising  and  falling  slowly  5  dayj^,  T'—  1.46^ 

FTELEY  AND  STEARNS  SUBMERGED-WEIR  FORMULAE 
Fteley  and  6tear»8  iijje  the  lia.se  formula 

Q^CL^H+i^yZ {T4) 

CoefHeient«  for  the  alKJve  formula  w^ere derived  from  experiment*  on 
thin-edged  wetra,  hy  Fteley  and  Stearns  and  by  J*  B.  Francis*,  and 
give  correct  results  for  weiris  for  which  the  free  discharge  would  be 
correctly  calculated  by  the  F^miicis  formula. 

The  head  on  upstream  side  \^ried  from  (L8251  to  0,97M  foot,  and 

jf  varied  from  —  0.t>63  to  ttUHlwith  air  under  nappe,  and  froiTi  0,iiT7 

toO,J)75with  no  air  under  nappe,  and  in  applying  the  formula  llje 
ssame  conditions  shtndd  lie  t complied  with.  The  authors*  comment  that 
w^here  sufficient  liead  can  not  be  obtained  for  a  weir  of  the  iii^sual  free- 
discharge  type,  a  submerged  weir  may  be  used*  provided  that  the  hm^ 
does  not  vary  greatly. 

6  Ft**K»r  *in3  Sttfimis  ISxporLuivuu  wu  the  ttow  qf  \v»ter.  ett.:  Tmiii*.  km.  Six-*  €-  E*,  ?oL  J2,  \^ 

1 
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om  a  large-scale  curve  Fteley  and  Stearns  derive  the  following 
I  of  coefficient  6",  for  formula  (74): 

Fteley  and  Steamg's  coeffidenlsfor  subtnerged  weirs. 


0.00 

0.01 

0.02 

3.331 

0.03 

3.330 

3.335 

3.365 

3.359 

3.352 

3.343 

3.286 

3.278 

3.271 

3.264 

3.214 

3,2C7 

3.201 

3.194 

3.155 

3.150 

3.145 

3.140 

3.113 

3. 110 

3. 107 

3.104 

3.092 

3.091 

3.090 

3.090 

3.092 

3.093 

3.095 

3.097 

3.122 

3.127 

3.131 

3.137 

3.190 

3.200 

3.209 

3.221 

3.:^43 
3.335 
3.256 
3.188 
3.135 
3. 102 
3. 089 
3.099 
3.143 
3.233 


0.05 

0.06 

3.368 

3.360 

3.327 

3.318 

3.249 

3.241 

3.182 

3.176 

3.131 

3.127 

3.100 

3.098 

3.089 

3.089 

3.102 

3.105 

3. 150 

3.156 

3.247 

3.262 

0.07 

0.08 

3.371 

3.372 

3.310 

3.302 

3.234 

3.227 

3.170 

3.165 

3.123 

3.119 

3.096 

3.095 

3.090 

3.090 

3.109 

3.113 

3.164 

3.172 

3.280 

3.;^00 

0.09 

3.370 
3.294 
3.22(. 
3.159 
3.116 
3.093 
3.091 
3.117 
3.181 
3.325 


d   : 
d   : 


here  -^  is  less  than  0.15  Q  is  not  sensibly  affected  by  submergence. 


10. 


here  -^  is  from  0.5  to  0.8  6^  may  be  taken  at  3, 

)rrection   for  velocity  of  approach  was   made   by  the   formula 

/>+— .     No  correction  was  made  for  velocity  of  retreat. 

le  formula  is  probably  applicjable  to  larger  dams  and  greater  depths 

electing  proper  values  of  C\  -jj  being  a  relative  quantity. 

number  of  empirical  formulae  for  submerged-weir  discharge  are 
used. 

CLEMENS   HERSCHEL'S  FORMULA.^ 

erschel's  formula,  based  on  experiments  of  J.  B.  Francis,  1848, 
By  and  Stearns,  1877,  and  J.  B.  Francis,  1883,  is 


^=3.33  Z(iV//)^  =  3.33  Za^ 


(75) 


this  fornmla  the  measured  head ''  is  reduced  to  an  equivalent  head 
would  give  the  same  discharge  over  a  free  overflow.    The  value  of 

K>efficient  N—-jt  depends  on  the  proportional  submergence -w- 


rebel,  Clemen,  The  problem  of  the  subinerjfed  weir:  Trans.  Am.  Soo.  C.  E.,  vol.  14.  May,  1885, 
Tected  for  velocity  of  approach  by  method  for  Franci>»'8  formula  before  applying  in  above 
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The  valuer  of  thii>  mtio,  toifether  with  their  [irolmhle  error.  Hie 
iven  below* 
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0.W 

. 

1. 000 

0.W 

fl.OA 

W.06 

nm 

OiW 

1.005 

LOOO 
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.mi 

,3 
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.904       ,900 

.896 

,5 
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,841 
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.780 

.77a 

.706 

.758 

.750 
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.703 

.BUg 

*6ftl 

,W]9 

.  05ei 

.644 

.031  i     .618       .604 

.5W 

.9 

,574 

■*' 

.539 

.S20 

.498 

.471 

.441   '     .402       .nh2 

.273 

1 

«J  VftlU*«  fCif  2  <!Xt>«dtof  e.m  l«ii  fK^mmUily  di^Uifmliiijtl. 

d 

7) 

=o,oa  t*l0.1^ 

t,  variation  o 

fiV=  ±0.005  to  0,007. 

=0.15  toiK'2\ 

i,  vuriutioM  o 

f  xV=±OJM^Kto0.on^ 

-O.M  to  U,8i 

i,  variation  o 

fiV^iO.012  to  0,014. 

=0*B3  to  0-4] 

L,  variation  o 

f  A"=±th015toO.Ul7* 

=u,42toO„M 

}^  variation  o 

r  .V^ztrO.rns. 

=0*6U  to  0.6.^ 

i,  variation  o 

f  .V^:±:0.0l7to0J)15* 

=  0.66  to  .07] 

L,  variation  o 

f  iV'=  ±0.014  to  0.012- 

=0.72 

to  .Ohu 

k  varii 

ition  o 

f  ^V=db0.011  to  0.009. 

This  table  indicates  that  for  depths  of  gtubiiiergentre  not  exceedin|j 
20  per  cent,  the  head  will  not  ordinarily  he  increased  more  than  i 
per  cent. 

The  discharge  over  a  ^iubnierged  weir,  aecording  to  Herschers  for- 
mula, Ixmrri  the  mtio  A^^  tu  that  over  an  un.submerged  weir  under  tlie 
same  head. 


THE  CHAHOINE  AND  MARY  FORMULA. 


m 


This  esrpression  ha.^  a  form  sinnlar  to  that  for  the  ordinary  formnlfl 
for  submerged  orifices.  It  is  applicable  only  under  conditions  identi- 
cal with  those  for  which  M'  has  been  determined.  ^' 


a  Van  Nostrand's  Eng.  Mag.,  vol.  34,  p.  176. 
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R.  H.  RHIND*S  FORMULA.'' 

Q=M'Lyl2ffrd^lZ+070i?+lz^!Z'^  .     .     (77) 

This  may  be  reduced  to  the  theoretical  foriinila  (73)  by  omitting 
the  correction  for  velocity  of  approach. 

BAZIN'S   FORMULAS.  <» 

B}^  duplicating,  with  various  depths  of  submergence,  his  experi- 
ments on  thin-edged  weirs  Bazin  deduced  the  following  expressions 
for  the  coefficients  for  submerged  weirs  to  be  applied  in  the  discharge 
formula 

Q^m' LI)  ^^I). 

Let  P  represent,  as  heretofore,  the  height  of  weir  crest  alx^ve  chan- 
nel bottom,  the  coefficient  m  being  that  which  would  apply  to  the 
same  weir  with  free  discharge. 

(1)  Accurate  formula  with  small  values  of  d: 

m!=m  ri.W+0.16rp-0.05j^  I (78) 

(2)  Accurate  formula  with  large  values  of  d: 

m'^vi  [(^1.08+0.18  ^  7-^] ('^^) 

(3)  Approximate  formula  for  all  cases: 

m'  =  m  (^1.05  +0.21  ^  7^^^ ^^^^^ 

The  above  formulas  are  for  weirs  without  end  contractions. 

The  coefficient  m  contains  the  correction  for  velocity  of  approach  of 
the  free-discharge  weir,  and  m!  contains  the  necessary  factor  (if  any) 
for  the  resulting  modification  of  the  velocity  of  approach  effect,  when 
the  weir  becomes  drowned.  They  are  only  strictly  accurate,  there- 
fore, when  7n'  is  substituted  for  ///  in  Hazin's  formula. 

In  Bazin\s  formulas  the  height  /*of  the  weir  enters  as  a  controlling 
factor  in  (1),  and  is  present  less  prominently  in  (2)  and  (3). 

The   modification   by  drowning  is  made  to  depend  on  ^y  in  (2),  and 

on  this  ratio  and  that  of  the  cube  root  of       r.     jointly  in  fornuila  (3). 

It  is  often  difficult  to  determine  P  or  to  apply  these  formulas  to  a 
weir  fed  by  a  large  pond  and  having  end  contractions. 


«Proc.  Inst.  Civil  Engrlneers.  1886. 

(> Bazin,  H.,  Experiences  ncmvelles  sur  r<:'COulemeiit  en  d^versoir,  fi"*  art.,  Ann.  Fonts  otC'i 
Mi'moiref)  et  Docament^,  189H. 
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Then  (i)  TiectmieH 


»/T 


(St>» 


Mifl  diffj^rs  {nnu  (3)  vvheii  siinikrly  rMmnnl  only  in  tb**  ^uti^rlttittMii 

Df  Li*5   for   IJJH  11.M  11  i-m^rtii^ient. 


If 


^ 


Ex-        7^=4'        d^^'        /*=«? 
*/?=  0,425 


the  dirtc^hnrge  l^ing  81*.+  per  cent  nf  that  over  an  iin^uhmerged  wWr 
under  tho  ^anic  head. 


PMimfilmv  id  QOMibai*fV4pcl-we(?  iiiM«lMiCK«^ 


(31 1  100.  lA 


B&44 


M.24 
81 S4 


«Wi|t«BCim«d  Uj  bt!  Tm^  hJK-b  j«i  thut  there  I*  uo  vt;l(H"liy  oj  afpitMM^h  r*r  uf  r« treat.    The  tw*^ 
dftillOf  dliCiliAfVti  for  A  thln-iHiigmi  Awlr  with  frve  dfiH^hHrvE'  hju  wen  Ijiken  at  'A.Sii  forth*;  ?tn(V- 

INCREASE  OF  HEAD  BY  SUBMERGED  WEIRS, 

Any  of  the  suhmerged-weir  fornmlas  may  Iji^  tinnMfomiHl  in**^ 
expr^^Hsions  gii  ing  the  rise  in  water  h*v*^l  i-auf^ed  by  tlie  conj^triH  tiii" 
of  a  suhmeit^od  weir  tn  a  channel  or  finnal;  in  this  form  they  are  tn^ 
nseful  in  the  design  of  si aek- water  navigation  works. 

BANKINE'^  FORMULA^/' 

Weir  not  flrownfd,  with  flat  or  slightly  rounded  civst: 


11=  A  =^j ^t^  approximate? 


Weir  drowned: 

First  approximation — 

Second  approximation- 


/f=//-<l-|;/-/) 


m 


(83) 


rtC4vl\  l£ngiiveee\^,  p.  OA, 
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(X)IX)NEL    I)VAS\s   FORMUIJ^/' 

This  is  intended  to  determine  the  height  of  a  weir  on  the  crast  of  a 
•all  in  an  irrigation  or  other  canal  to  maintain  a  desired  uniform  depth 
md  slope. 

/>= Depth  on  weir,  feet. 

A'  =  Depth  of  uniform  channel,  feet. 

jP=  JT— i>=Height  of  weir  necessary. 

^=Area  uniform  channel  section,  feet. 

^=  Hydraulic  radius,  feet. 

*y=  Slope  or  fall  in  feet,  per  foot. 

Z= Length  of  weir  crest,  feet. 

2)=^^^^^^'"^^' _l25,H122liS     ....      (84) 
lfvl  =  10W     X=10'     ^=8.33     .9=0.001     Z=100, 


-[ 


900X  1000« X 8.33X O.00l-|i_  ^^  ^^     8.33X 0.001 
1(KK)0  J 


=9.0856-1.0441  =  8.04 
P=  10- 8.04=1.96  feet. 

In  this  case  length  of  weir  equals  width  of  channel,  and  the  velocity 
of  approach  would  be  the  mean  velocity,  which  by  Kutter's  fornmla 
will  vary,  say,  from  8  to  10  feet  per  second  under  the  conditions, 
depending  on  the  value  of  the  coefficient  of  roughness  ?/.  This  would 
make  the  flow  in  the  channel  8,000  to  10,(M)0  cubic  feet  per  second. 

As  a  check  on  the  calculated  depth  7>,  it  will  be  found  that  the  flow 
over  a  weir  100  feet  long  under  a  head  8.04  feet  (corrected  for  the 
large  velocitv  of  approach)  will  also  be  from,  say,  8,000  to  10,000 
cubic  feet  per  second,  depending  upon  the  coefficient  used  in  the  weir 
formula. 

SUBMERGED    WEIRS   OF   IRREGULAR   SECTION. 

For  certain  forms  of  irregular  weirs  having  vertical  downstream 
faces,  the  discharge  when  su})ject  to  submergence  niay  probably  be 
approximated  by  applying  the  ratio  of  drowned  to  free  discharge  for 
a  thin-edged  weir  similarly  sulmierged  as  a  correction  to  the  coeffi- 
cient for  free  discharge  over  the  weir  in  (juestion.  For  })road-crested 
weirs  or  weirs  with  aprons  this  method  i)robably  will  not  be  applicable. 

bazin's  experiments. 

For  many  of  the  model  weirs  of  irregular  section  for  which  free- 
discharge  coefficients  were  obtained  by  Bazin,  duplicate  series  of  coef- 
ficients with   various   degrees  of   submergence   were   also  o})tained. 

aWiliion,  H.  M.,  Irritation  in  Imlitt:  Tuelfth  Ann.  Ri-vtA'.^.CiwA.Sv\T\^>-,\¥»^-'i\,VV.*i.^V>»«~ 
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Many  of  these  data  have  been  reduced  to  English  units  b}-  Nelles.* 
Evidently  each  form  of  weir  se<.'tion  will  require  a  special  formula  or 
table  of  coefiScients,  and  little  more  can  be  done  than  to  refer  to  the 
original  data  for  each  specific  case. 

By  way  of  general  illustration  of  the  character  of  submergence  effect 
on  weirs  of  irregular  section,  the  writer  has  deduced  the  following 
roughly  approximate  formulas  from  Bazin's  experiments  on  triangular 
weirs  with  vertical  upstream  faces  and  sloping  aprons.  The  wein 
were  2.46  feet  high  and  the  end  contractions  were  suppressed.  Coeffi- 
cient curves  for  free  discharge  are  given  on  PI.  V. 
Three  series  are  included: 

Series  195,  batter  of  face  1:1. 

Series  196,  batter  of  face  2  : 1. 

Series  197,  batter  of  fac«  5:1. 

Experiments  in  which  the  proportional  submergence  -^  was  nearly 
the  same  were  grouped,  and  the  average  values  of  A,  />,  and  d  were 
determined.  From  these  the  mean  values  of  =^  and  -j^  were  computed 
and  platted  and  a  straight-line  formula  deduced. 

f=0.72+i(l-^) 

5=0.08+0.175. 
The  initial  effect  occurs  when 

\l     0.l7i?-0.20 


(85) 


[)-  175+0.08 ^^^• 

In  the  above  formulas  A  is  the  rnefisKved  head  on  a  weir  with  free 
overflow,  having  the  same  form  of  cross  section,  that  would  give  the 
siune  discharge.  I)  is  the  depth  on  the  submerged  weir,  d  is  the  depth 
of  submergence,  and  B  is  the  })atter  or  slope  of  the  apron. 

DATA    CONCEUNINC;    EAST   INDIAN    WEIRS. 

The  following  data  compiled  by  Nolles''  are  derived  from  observa- 
tions on  actual  dams  under  heads  unusually  great.  The  calculated 
coeflicients  in  the  ordinary  weir  fonnula  {<t) 

in  the  theoretical  submerged-weir  fornuila  (^>) 


Q=M'U^lgz(ilV\7\ 


and  in  the  Rhind  formula  (77)  are  given  in  colunms  14,  13.  and  li 
respectively  (p.  145),  the  o})served  head  being  corrected  for  velocity  of 
approach. 

rt  Trans.  Am.  Soc.  G.  E.,  vol.  41,  pi>.  3i)»-3bii.  ^  \ami,  oit. 
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I 


tTNlTHU  i^TATEH    l>K?:r    WATKltWAVf*    KXPKHtMENTa 


Thesi*  experinientjs  were  intule  in  lHlH*iitt.kjrni*ll  Univen^itr  hyc 
lie  labomtorv  on  a  model  haviiijr  cmupletely  i^unded  profilp,  bei 
design  for  a  siil>rTi(*iY^il  dani  fnr  regulation  of  Ijiike  Eri<\ 

Tlie  t;oeffifitMit.  curve  for  free  diiicharjje  Is  ^iven  ou  Fl  XVL 
ahsolutr  (*oerticituits  and  the  relative  discharge  with  vanous  degm 
ftiUmit^rgence  are  shown  below.    The  Fi-anciw  formula  in  used, 


HO 
A 

.2 
■  H 
.4 
.5 
.6 
.7 

.9 


f 

>W 

a  00 

3.70 

.m\ 

:i67 

L»2 

3.fi4 

L9S 

3.60 

2.m 

3.&4 

3,:i0 

3.47 

a  99 

X  M 

4.62 

3.17 

5.28 

*l  m 

5,94 

2,m 

Relative  coefficients,  United  States  Deep  Watenmys  mbmerged-weir  model. 


d 

u 

c 
c 

0.0 

1.000 

.1 

.991 

.2 

.983 

.3 

.972 

.4 

.956 

h 

n 


0.5 
.6 
.  7 
.8 
.9 

1.0 


0.  937 
.907 
.856     i 
.778 
.621 


C  is  the  coeflScient  for  free  discharge  over  a  similar  weir  undei 
same  head. 

WEIR  DISCHARGE  ITN^DER  VARYIKG  HEAD. 

Problems  of  weir  discharge  under  vaiTing  head  occur  in  the  d( 
of  storage  reservoirs  for  river  regulation,  and  in  determining  the  n 
mum  discharge  of  streams. 


«Rept.  V.  8.  Boawl  of  Knginecw  on  Dwv  Waterways,  pt.  1,  p.  291. 
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An  effort  has  l>een  made  in  th<»  present  chapt^M'  to  record  the  various 
vorkinj^  formulas  resulting  from  the  solution  of  this  mathematically 
lifficult  portion  of  the  theory  of  the  weir,  and  to  give  numerical  data 
xj  facilitate  calculations. 

It  is  assumed  that  there  is  no  velocity  of  approach,  or,  if  any,  that  the 
lead  has  been  corrected  therefor.     The  weir  coefficient  is  also  assumed 
;o  continue  constant  through  the  range  of  variation  of  the  head. 
Notation: 

T  =Time  in  seconds  required  for  the  head  to  change  between 

two  assigned  values. 
/i^=  Initial  depth  on  weir,  feet. 
//,  =  Depth  on  weir  at  the  time  i, 
S  =  Reservoir  surface  area,  square  feet. 
L  =  Length  of  ovci'flow  weir,  feet. 
/    =Rate  of  inflow  to  reservoir,  cubic  feet  per  second. 
Q  —  Rate  of  outflow  at  time  /. 

^KISMATIC  RESERVOIR,  NO  INFLOW,  TIME  REQUIRED  TO  LOWER 
WATER  SURFACE  FROM  //„  TO  //^.'< 


dQ= 

(•uAdt=-s<m 

'-if 

-      '^^d/I 

vLin 

dt= 

~~VL    /         II^dH 
Jll,. 

T'r^x,  when  Hf  —  ^), 
f  >'r^  1,000,000,    /y;,=4,     J/f  =  O.U      ^-:^.:^'^.     and  /.^-lOO, 

_      2       3,000,OOi)/^JlO     1\     ,..,.-,  ,        ,   ,.   , 

100 '^   '    10        VI  "~^>y~^•^'  *-  seconds  — 4.44  hours. 

To  lower  the  reservoir  from  //=4  to  //— 1    would  recjuire  3,0iH) 
'<^conds. 

APPROXIMATE    TIME    OF    LOWERING    PRISMATIC    OR    NONPRIS- 

MATIC    RESERVOIR. 

Choosing  small  successive   values  of   71^,— 7/^,  we  may  solve  this 
iroblem  approximately,  as  shown  in  the  following  Uible: 

Time  required  to  lower  reservoir  fnmi  77,^  to  J7f= — \f-^ — -.j-         (SS) 

"  DfH  IiiKcnifurs  Tawhrnhueh,  I,  190r2,  p.  230. 
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We  niav  Uike  the  mean  di»ehar^t*  fjt^twet*"  th»*  imrrovv  ltmiu//„Jin« 


m 


(SKf 


or,  uaiii^  tlii'  MVi*nipr«*  hentl, 

[ii  tho  followinj^  i^xainpte  we  have*  iit*pd  tlic  latter  value,  an*l  hav<' 
Jinwi**  /f,,—  //t-^Kt>  font.     A  fiiiiiihif  ^olutiun  may  In*  nmdt*  ftji-  ii  mm 

priMitatit*  reservoir,  u;^in^  wiiceessive  valiiosof  —  ^*  *  eh  the  rf^servw 
iirt^tt,  and  detf^rmininf^  tbn  iticreiueiits  uf  T^hy  formula  (88), 


m 

m 

*^T^ 

iipct«c&ma. 

mo 

T  for  tncn'- 
mi*!it 

Total  r  if» 

4.0 

S.5 

».t5 

«  417,0 

0.4137 

207 

$,fi 

a.0 

8.25 

l,H5hO 

.  him 

250 

4lia 

S.0 

2.5 

2.T5 

1,519.  a 

.mm 

^0 

7P3 

2,3 

1.0 

2.25 

1,124.0 

,mm 

44» 

1,241 

2.0 

L5 

LT5 

771.0 

1.2970 

em 

l,^t 

1,6    1 

1,0^ 

hn 

4«5.4 

2,  \m^ 

1,(1711 

2,m 

The  ttital  fiiiu'  r'i'(iiiin>d  ill  ^^3e<.tIld^  i^  S,9f51,  as  cuuipured  with  ^M^^ 
by  forum  la  (S7), 

Thf*  tiini>  n^juinHl,  usirit^  the  av^Mfio-i*  (^)  instmid  of  the  averagf*  //ii^ 
the  caleiilatiou,  that  is^  lifting  forunila  (H9)  iiit*teAd  of  (9^>),  is  :f,ySi 
Hecotulis. 

Th(^  time  7"  is  directly  proportionHl  to  the  area  of  storage  Hurfnft 
find  irjvprssely  proportional  to  tbe  Itnigtli  o(  .spillway.  Ft  is  abo  u*«i* 
ally  proptjrtioiml  to  the  vnliie  of  O  id  the  weir  formula. 

RESERVOIR  PRISMATIC,  WITH  UNIFORM  INFLOW.^ 
UKNERAL    K0IIMI:LA8. 

Starting  wnth  reservoir  full  to  erewt  level,  /^^O,  to  tind  thtMiiiw 
requiretl  for  thp  depth  of  overflow  to  reach  a  given  stage,  ///. 
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When  individual  values  of  the  increment  U^—H^  are  small,  not  over 
.5  foot  each,  if  successive  values  are  taken,  we  have  approximately: 

2 

/it 

=time  required  to  rise  through  the  increment  H^—II^. 

A  summation  of  the  successive  values  of  t  required  for  the  water  to 
-ise  each  increment  will  give  the  total  time  of  rise  from  //^  to  i/^. 
formula  (92)  will  give  the  maximum  run-off  from  a  catchment  area 
tributary  to  a  reservoir  if  two  successive  values  of  //and  the  corre- 
^ponding  value  of  t  are  known; 

Formula  (92)  may  also  be  used  to  determine  T  for  a  nonprismatic 
•^servoir  with  a  variable  rate  of  inflow  by  choosing  such  increments, 
¥1^—Ily^  that  the  average  values  of  8^  /,  and  Q  will  be  nearly  correct. 
i7ariations  in  the  weir  coefficient  C  may  also  be  considered. 

?X)RMULAS   FOR   TIME   OF   RISE   TO   ANY   HEAD   H,    PRISMATIC   RESERVOIR 
WITH    UNIFORM   INFLOW. 

Several  analytical  solutions  of  this  problem  have  been  made.  Start- 
ng  at  spillway  level,  let  //^  equal  the  depth  of  overflow  correspond- 
ing to  the  quantity  of  inflow  /.  The  problem  is  stated  by  the  foUow- 
vng  differential  equation  whose  primitive  is  required: 

(Rate  inflow— rate  outflow)  dt—d  (increase  in  storage),  or 

{I-CLH^)dt^SdH (93) 

In  the  solution,  mathematical  substitutions  are  necessary  in  order  to 
render  the  time-outflow  equation  integrable  in  known  forms.  A  very 
clear  demonstration  for  a  special  value  of  C  has  been  given  by  Frizell.'* 
By  modifying  FrizelFs  formula  to  adapt  it  to  the  use  of  any  value  of 
Cm  the  weir  formula,  the  following  equation  is  obbiined: 

~~^  /=nat.  log  V    ~J_  /^— +V3  tan  y  ^-Vstan  '  "V/^  (^^) 

where  h—jl 
^  CL 

When  H=Ha^  the  second  member  becomes  the  sum  of  an  infinite 
and  two  finite  quantities,  /is  then  infinite,  and  the  outflow  can  never 

"Water  Power,  pp.  200-20&. 
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beoonie  cqunl  to  the*  inflow,  or  //eaa  nt<\'pr  i?({ti)tl  //„.  which  i|iiiiiititi( 
it  appruttchos  a»  si  limit  a»  T  incretioeM.  Fri^i'll  places;  /{—rJlf,t 
having  anj*  value  less  than  unity,  and,  being  very  nearly  unity,  ^t 
will  be  more  netirly  so,  and  is  taken  as  enjual  to  unity,  vt' it  hunt  gn«t 
error,  poabling  the  two  inverse  trigonometric  oontitaiits  to  be  evaluated 
in  terms  of  arc,  giving  Hnally: 


r= 


-0.88635  j    .    , 


Nat.  log  A*=2.30368S  log,,  ^ 

E.  Lodlow  Gould"  givoi*  the  foUowniy  fornmla,  idontiml  witii  lif 
above  except  in  the  form  of  the  vonstant  uf  integration: 


^ — ,  j     iiat. 


r=Tw-  as  before* 


•«""'7T(i+>^)-gM  .   .   .  . 


m 


Gould  does  not  coiiHider  ^fr  constant,  hut  derivi* 

the  values  of  the  function  in  brackets  for  \'arious  values  of  r,  fp^ 
which  the  following  table  lias  be€>n  derived: 


<*=     I 


nat.  log  ^ -  —  V'^  "1  tan~ 

1  —  V'"  ' 


7T 


(i+^0-l[] 


(ffl 


la/ufii  o/ ^1  GmdfT* formula. 


H 
Ha 


0.0   I 

.2 

:^| 
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.8  , 
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.  \m'i 

.ltiH54 

.:ii37 

.3301 

.4tMj5 
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.91S7 
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1.4792 
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Lfll41 
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a  0306, 

.lrt38 
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2.rtl7ii 
2.92:33 


0.(H&9 
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.5411 
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.9660 
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1.  5K^1 

L  0716! 


0.  otiia 

,  2155[ 
.379li 
.56931 

.7596 

.992l] 

1.2674 

Lfi2aH; 

2.  1488! 


1 
3. 0785!  3. 23471 


'I 
0.0766| 

.23191 
.3955 
.5775 

.78111 
1.01^ 
1.3027 
1.6556 
2.  22ft2 
3.38«9 


0.0919 
.241^ 
.4137 
.5957 

.8024 
1.G444 
1.338(^ 

1.7073 
2.3a35j 
3.5441 
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1.0705 
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L7590 
2.3^8 
4.0096 


-     ,— 

•  2810  ,a^ 

.4501  .^ 

.6321   .ti&^ 

.8450  -^ 

l,09661.1l2t* 

1.40861,4439 

1.81071.863* 


2. 4582^2.5366 
4.4760|4.&** 
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WEIR   DISCHARGE    UNDER   VARYING   HEAD. 
Ve  may  write  formula  (9) 


151 


(98) 


I.  S.  Woodward  suggests  the  formula 


(sin  X)*  sec  XflfX 


ere 


A'=8in 


-V^^*=.>--(|)* 


(99) 


This,   like  the  preceding  expressions,   becomes  infinity  when  the 

egral  is  carried  over  the  entire  range  X=()  to  X=-^  conforming 

:h  the  physical  conditions. 

The  writer   has  evaluated   this   function   for  finite  values  of  -jj 

mechanical  quadrature,  as  shown  in  the  diagram,  PL  XXXVIII. 

e  diagram  illustrates  the  rapid  rise  until  a  head  closely  approaching 

5  is  attained,  occupying  a  comparatively  short  time  interval,  while 

•  further  increments  of  head  the  time  interval  is  relativeh-  very 

?at. 

E.  Sherman  Gould''  gives  the  same  integral  developed  as  an  infinite 

ies 


K'^  "I 


(100) 


lere 


aEngineerinK  News,  December  .\  1901.  p.  V.W. 

6 Engineering  News,  November  14, 19(U,  pp.  :t62-363. 
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if  we  write 


ben  Frizell'si  fruinula  may  l>e  written  7*— /Vp  \~ff) 

L  L*  Gould\s  formulft  may  !k^  written  T=Fx  ^(jt) 

yQQdwtLvd-ii  fonriulii  may  Iw  written  T^'2Ff  (jr^ 


■J 

t  Shemmn  Gould's  f(*nntja  iimy  tw  writttMi  T-Fx^  (  77  ) 

Thf*  fornmlHs  >uv  tluM'efore   identical,  the  tran?^cendetital  factors 
leariiig  the  relation. 


(W] 


fm,^ 


<^j<iy<^><^:) 


The  E,  L-  Gould,  Woodward,  and  K.  S,  Gould  formulae  are  appli 

// 
ibl©  for  any  viiiuM  of  the  ratio  ww .    That  of  Fri^ell  mn  be  strictir 

p|>Iie<lonlywhcii  fr  iw  n^^ady  uidtv.     In  the  E,  S>  iroxM  forrauli 

'\ff)  <^*>"vcirj?e8  very  f<lowly  aw  the  argument  appi-oat^hew  un!ty» 
For  rough  cateulationH  E*  S.  Gould  give.";*  thi»  rule 

where  ;/   h   the  rof  ffi<*ietit  in   the  weir   forniulu  for   reducing  fir^l 
head  to  mean  head. 

j^^...M. — -   .   , [m 

The  mtio  fi  of  the  coni^tant  mean  head  which  would  gire  the  total 
diJ^ehari^e  Sffm  the  time  T'he  tiuds  by  trial. 
E.  S.  Gould  gives  the  valuei* 

/*=0.t>7  for  small  vahies  of  // 
to  ^=;(»,75  for  large  valuer  of  IL 

Comparing  the  fornuilaii. 

Let  *y=  l,tM.HJ,a00  .square  feet 

Z=100 

7=10.000  cubic  feet  per  Hcrond 

i4=^^y=30*=».6d5  feet 
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Required  the  time  to  rise  to  a  height  74 =0.9 77=8. 6895  feet. 

o  y 
J^=  ^.  ,=643.5 

Frizell  (95)  T=  1677. 6  seconds. 

E.  L.  Gould  (96)  7=1681.5  seconds. 

Woodward  (99)  7=1660.2  seconds. 

E.  S.  Gould  (approximate)  (103)  7=1488.3  seconds. 

The  diflFerence  in  the  vahie  of  T  by  the  first  three  formulas  repre- 
sents the  diflFerence  in  the  values  of  the  transcendental  portions  of  the 
equations  as  evaluated  by  diflFerent  methods. 

The  time  required  to  rise  from  ^  to  77^  will  be  the  difference  of 
the  times  T\  and  7,  by  the  above  formulas. 

NONPRISMATIC  RESERVOIR,  UNIFORM  INFLOW. 
P.  r.  L.  O'CONNELL." 

Representing  the  reservoir  by  a  cone  having  its  apex  at  distance  A^ 
below  plane  of  the  overflow, 


Area  at  overflow  level      =  S^  =  7r{aA)* 
Area  at  any  other  level     =  S=  ;r[a( ^^+77)]* 


(104) 


where  a  is  the  slope  of  the  sides,  or  where  there  is  «  foot  horizontal 
run  to  1  foot  vertical  rise.  From  (104)  with  S^  and  a  given,  ^1  may 
be  determined. 


Where  the  factor  7, 


T=^ -iA^lT-llf^-p^  nut.  lo^^^-^ 


i2AI,' 


iAl^p^'l  „.t.io,/  [v//-/,L 


9  4^  —  ±A  J  ^ 


<i  Mull  ins' 8  Irrigation  Manual. 


(105) 
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Calling  /  the  an^le  of  ioclitmtioti  of  the  banks,  i\  the  perimeter,  it 
jpillwtij  level,  cxciuHive  of  overflow, 

5^  S^+BH+B,  IP  whore  B^  l\  cot  i 

B^=n  cot  f'^    ^^// 

H  -BJ^\imLlog{l^t^+r^  -BdCL)^^?   I     •     W 

For  /=tKr^  and  ^=^0,  the  above  fornuilM  r<?diiccs  to  (96),  the  efiua 
ion  for  a  pri^timtie  rt\servoin 


I 


VARIABLE  INFLOW,  NONPRISMATIC  RESERVOIR. 


Thiis  problem  may  be  solved  by  dividing  the  reservoir  into  emcct^i^i^ 
ievels^  and  solvij*^^  hy  the  formulas  pn^vioasly  given,  att  if  each  lajf^r 
repres^erit4^d  a  portion  of  a  reaerv^oir  with  a  con  stunt  inflow  equal  to 
the  average  rate^  or  if  the  formulaic  for  prismatic  reservoir  are  used^ 
then  each  hiyer  will  be  supposed  to  represent  a  jiortion  of  a  prisnifttir 
reservoir  of  area  equal  to  the  average  area  of  the  layei". 

Mullins's  formula  uiay  often  be  more  ronveiiienth^  nr^ed  and  a  better 
solution  be  obtained  than  by  attempting  to  average  the  area  and  inflow* 
as  would  be  neccM^irv  to  apply  the  analytical  fonnulas  given* 

The  general  dilferential  equation  for  rise  in  time  T^with  a  variaUt' 
inflow  and  reservoir  area  it^ 

(i-g}dT=sdii    .  .  .  .  ^  .  m) 

If  we  can  express  /ass  a  function  of  J,  and  S  and  Q  w^  functions <"f 
ff^  and  integrate  l>t*tweon  the  limits  ^=0,  I/^Il^^  wc  may  obtain!'" 
equation  between  //and  7" similar  to  those  given  for  prismatic  rt'-^^' 
voirs  with  constant  inflow. 

We  may  write  the  ordinary  weir  formula, 

a  Loc.  Cit. 
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The  area  S  can  usually  be  readily  expre.s8ed  in  terms  of  the  area  at 
st  level  and  slope  of  the  reservoir  sides  (assumed  constant  within 
'  narrow  limits  0,  //);  the  inflow  /often  increases  nearly  as  a  linear 
iction  of  T' while  a  stream  is  rising  rapidly;  we  have,  then, 

Q,=  CLTI^ 

liubstituting  in  (107) 

{  I,+fT-CLHi)dT=( S^+^a^S,H+c^H^^dH    .     (108) 

The  complete  primitive  of  this  differential  equation  can  be  deter- 
ned  only  as  an  infinite  series.® 

Rivers  during  flood  usually  rise  rapidly  and  fall  slowly.  The  time- 
low  function  can  sometimes  be  approximated  by  a  modified  sinusoid. 

/=/,+4sin(J0H (109) 

lere  /i=or>l 

7==  Total  duration  of  flood. 

/^= Maximum  mte  of  inflow. 

7^=Time  elapsed  from  beginning  of  rise  to  maximum. 
The  constants  are  so  chosen  that  the  arc  value  of  the  duration  of 
B  flood  from  stage  I^,  through  to  the  same  stage  is  tt,  or, 

{Uyz=7t  h=Y (11^) 

For  the  maximum  we  will  have,  differentiating  (109), 

1       7t 


cos  (i7;)-=0,  or(A7;„)==2     .     .     .     (Ill) 

«=l°^£><I3|2  =  ^-32-i04log(£)     .     .     .       (112) 

)mmon  logarithms  being  used. 
If  r=1000  and  if  7;,  =  200,  then  ;^  =3.322  log  6  =  2.322, 

J =j-^= 0.0143,  and  -=0.43066 


"Seddon,  James  A.,  C.  E.  (Prfx.*.  Am.  Soc.  C.  E..  vol.  24,  June.  1898,  pp.  65»-ft9«).  ha«  wived  equation 
*)for  the  Great  Lakes  reservoir  system,  asnuming  an  annual  cycle  following  the  law  I'mL^-icA 
^  7.  Im  being  the  mean  inflow  and  Tthe  time  arc  on  a  circle  whoRe  c\TCuraleT«w<i^  T«v!t«Bfc\i\»k  «o 
^'  He  also  aaBomes  Q=»Q,,i-bIl,  or  a  linear  function  of  the  he\gM  II. 
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Mmm^  uf  mirmhit  ftmrd  tU^hnrge  mmfntled  b^farmiilft  {ififlj. 
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The  form  of  the  graph  of  the  flood  may  he  determined*  by  plottui; 
he  quantities  in  the  last  column  of  thi*s  table  in  terms  of  t.  The 
fCBuIting  rurve  rises  rapidly  to  a  niaximuai  \phen  ^^200,  after  whkh 
t  descends  slowly. 

TABLKB  FOR  CAXCUl^TIONS  OF  ^^IR  DI8CHAKt;E» 

The  investigations  at  Cornell  University  have  gi^atly  extended  tlie 
limit  for  which  weir  coetFicients  are  definitely  known*  The  experi- 
ments of  Bazin  did  not  reach  beyond  L 8  feet  head  maxjuiutn,  Tbo 
tables  of  Francis  for  thin-edged  weirs  extended  to  a  head  of  3  fe^t 

The  experiments  at  Cornell  have  furnished  the  coefficients  for  4 
variety  of  weir  forms  for  heads  up  to  4,  5,  and  G  feet.  At  such  heack 
the  nappe  form  has  become  stable  for  nearly  all  forms  of  weirs.  We 
may  now  predict  the  pro Iw hie  extension  of  the  coefficient  curve?^  for 
higher  heads  with  more  cootidence  than  could  tje  done  b}^  starting 
from  a  lower  datum. 

Owing  to  their  usefulness  in  the  approximate  determination  of  flood 
discharges,  the  weir  tables  have  been  carried  up  to  ahe^d  of  10  feet. 

In  the  tables  here  ^iven  the  head  is  uniformly  expressed  in  feet 

Ful  cuillpuUilg  liit5  ilow  vVcl  iiiigaliOli  UioJulch  alid  olher  SUlttll  Weil's 

where  the  head  is  measured  in  inches,  weir  tables  expressed  with  the 
inch  as  the  argument  of  head  are  convenient.  Numerous  tables  of 
this  chai*acter  are  available.     The  following  may  be  referred  to: 

The  Emerson  weir  tables,  computed  by  Char  la  A.  Adams,  pages  251-285  of  Emer- 
8on*B  Hydrodynamics,  published  by  J.  and  W.  Jolly,  Holyoke,  Mass.    These  giv® 
discharge  in  cubic  feet  per  minute  for  weirs  with  two  end  contractionfl  having  length^ 
of  2, 3,  4, 5,  6,  7,  8, 10, 12, 16,  and  20  feet.    The  discharge  is  computed  by  the  Francis 
formula  for  heads  from  0.001  foot  to  2  feet,  advancing  by  thousandths  of  a  foot,  witt^ 
auxiliary  table  of  decimal  equivalents  of  fractional  parts  of  inches. 
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The  Meamirement  and  Division  of  Water,  Bulletin  No.  27,  Agricultural  Experi- 
lent  Station,  Fort  Collins,  Colo.  This  publication  gives  tables  of  discharge  in  cubic 
•et  per  second,  computed  by  the  Francis  formula,  for  a  weir  1  foot  long,  for  heads 
1  inches  and  sixteenths,  from  ^  inch  to  30  inches,  with  auxiliary  table  for  end 
ontractions,  and  for  velocity  of  approach  correction  by  the  Fteley  and  Steams 
ixW(H=D-rih).  A  similar  weir  table  for  a  weir  1  inch  long  is  given.  Also  a  table 
f  dischaiige  for  Cippoletti  weirs  (C=3.:^§),  for  lengths  of  crest  sill  of  1,  1.5,  2,  3,  4, 
,  and  10  feet     Head  in  inches  and  detdmals  with  fet^t  equivalents^. 

Spei'ial  Instructions  to  Watermasters  as  to  Measurements  of  Water,  State  Engineer's 
)rtife,  Salt  Lake  City,  Utah,  1896.  Table  of  discharge,  in  cubic  feet  per  second,  for 
-foot  crest,  based  on  the  Francis  fommla,  with  auxiliary  table  for  end  contractions 
Jwl  velocity  of  approach.  The  head  is  expressed  in  inches  and  thirty -seconds  (with 
•quivalentB  in  feet)  for  j*j  inch  to  :V5  inches.  A  similar  table  for  heads  in  inches  and 
ixteenths,  from  ^  to  36  inches,  gives  the  discharge  in  cubic  feet  per  second  by  the 
'^rancis  formula  for  weirs  with  two  end  contractions  and  for  the  crest  lengths  of  1, 1  j, 
;  2i,  3,  4,  5,  6,  7,  8,  9,  10,  11,  and  12  feet  A  table  for  trapezoidal  weira  (0=3.367) 
•f  various  crest  lengths  is  also  given. 

California  Hydrography,  by  J.  B.  Lippincott,  Water-Supply  Paper  No.  81,  United 
tates  Geological  Survey.  This  publication  contains  a  table  of  weir  discharge  in 
ubic  feet  per  second  for  heads,  advancing  by  sixteenths,  from  i\  inch  to  10  inches 
with  equivalent  decimals  of  a  foot),  for  weirs  with  two  end  contractions  having 
rest  lengths  as  follows:  4,  6,  9,  12,  15,  and  18  inches,  2,  2.5,  3,  3.5,  4,  4.5,  5,  6,  7,  8, 
,  10,  12,  14,  16,  18,  and  20  feet.  Based  on  the  Francis  formula.  Also  publishetl  as 
circular. 

The  tables  that  follow  are  all  original  computations,  with  exception 
f  the  "  Francis  weir  tables,"  page  162,  and  the  table  of  head  due  to 
arious  velocities,  page  158. 

TABLE  I.— HEAD  DUE  TO  VARIOUS  VELOCITIES.ci 

This  table  gives  values  of  the  expression 

ised  on  the  constant  of  gravity  for  the  latitude  and  altitude  of  I^owoll, 
[ass., 

(/=32.1t)18,  }  =0.015541)39. 


uFiuncis,  Lowell  Hydniulic  KxiHirimeub*,  extended. 
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is  value  will   suffice    in   ordinary   corrections    for  velocity  of 
>ach  for  localities  in  the  United  States. 

Velocity  of  apprwich  correction. 

is,  and  as  used  in  portions  of  this  paper  (approximate) H=D-\-h 

'  and  Steams,  contracte<i  weir H=D-\\.bh 

Iton  Smith,  suppressed  weir /r=l>-f-l J/i 

Iton  Smith,  contracted  weir H=D-\  I  Ah 

LE   2.— PERCENTAGE   INCREASE   IN    DISCHARGE  BY  VARIOUS 
RATES  OF  VELOCITY  OF  APPROACH. 

is  table  has  been  calculated  from  the  Francis  correction  formula, 

e  percentage  increase  in  discharge  over  that  at  the  same  meas- 
head  with  no  velocity  of  approach  is 

Perceut^e=lUO —    ,    -=/r    .     .     .     .     (113) 
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To  use  this  table  the  discharge  corresponding  to  the  naeasured  het 
D  may  be  taken  directly^  from  Table  3  or  4  and  the  quantity  so  obtaine 
increased  by  the  percentage  indicated  in  Table  2.  This  table  is  espc 
cially  useful  where  the  velocity  of  approach  is  measured  directly.  I 
the  velocity  of  approach  is  determined  from  the  approziiiiate  dischai^gi 

by  the  formula  ^=-^9  successive  approximate  corrections  may  In 
required. 

Table  2  shows  directly  Uie  relative  error  introduced  by  various  veloci- 
ties of  approach.  The  large  error  introduced  by  moderate  velocities 
with  low  heads  and  the  comparatively  small  error  resulting  fiooi 
higher  velocities  under  great  heads  are  conspicuous. 

TABLES  3  AND  4^DISCHARQB  OVER  A  THIN-BDQBD  WEIR  BT 
THE  FRANCIS  FORMULA. 

These  tables  give  the  discharge  in  cubic  feet  per  second,  for  a  crest 
length  of  1  foot,  vdthout  contractions,  computed  by  the  formula       ! 

C=3.33Z^*.  I 

Table  3. — Discharge  over  a  thinredged  weir  per  foot  of  cretL 


Head  if,  feet 

.000 

.001 

.008 

.oos 

.004 

.006 

.OOS 

.007 

.008 

.QM  ' 

0.00 

0.0000 

0.0001 

0.0008 

0.0006 

0.0008 

0.0012 

0.0015 

0.0000 

0.0024 

fLm\ 

.01 

.0033 

.0038 

.0044 

.0049 

.0055 

.0061 

.0067 

.0074 

.0060 

.OOff 

.02 

.0094 

.0101 

.0109 

.0116 

.0121 

.0132 

.0140 

.0148 

.0156 

.0164 

.03 

.0173 

.0182 

.0191 

.0200 

.0209 

.0218 

.0227 

.0237 

.0247 

.0256  ' 

.04 

.0266 

.0276 

.0287 

.0297 

.0307 

.a318 

.0829 

.0839 

.0850 

.0361 

.Oft 

.0372 

.0384 

.0395 

.0406 

.(M18 

.0430 

.0441 

.0463 

.0465 

.0477 

.06 

.0489 

.a502 

.0514 

.0527 

.a')39 

.0552 

.0565 

.0678 

.0590 

.0GD4 

.07 

.0617 

.0630 

.0643 

.0657 

.0670 

.06M 

.0698 

.0712 

.0725 

.0739 

.08 

.0753 

.0768 

.0782 

.0796 

.0811 

.0825 

.OWO 

.0856 

.0869 

.0884 

.Oil 

.0899 

.0914 

.0929 

.0944 

.0960 

.0975 

.0990 

.1006 

.1022 

.1087 

0.10 

0.1053 

0.1069 

0.1085 

0. 1101 

0.1117 

0.1133 

0. 1149 

0.1166 

0.1182 

0.1198 

.11 

.1215 

.1231 

.1248 

.1265 

.  1282 

.1299 

.1316 

.1333 

.1850 

.1367 

.12 

.1384 

.1402 

.1419 

.1436 

.1454 

.  1472 

.1489 

.1507 

.1625 

.1543 

.13 

.1561 

.1579 

.1597 

.1615 

.1633 

.  16.^)2 

.1670 

.1689 

.1707 

.1726 

.14 

.1744 

.1763 

.1782 

.1801 

.1820 

.  1839 

.18.58 

.1877 

.1896 

.1915 

.!.'> 

.1935 

.19&1 

.1973 

.1993 

.  2012 

.2032 

.2052 

.2072 

.2091 

.2111 

.16 

.2131 

.  2151 

.2171 

.  2191 

.2212 

.22:^2 

.•2252 

•  •2273 

.2293 

.2314 

.17 

.2334 

.23.V> 

.  -2375 

.2396 

.2417 

.  24:tf 

.2459 

.'2480 

.2501 

.2522 

.1« 

.'2M^ 

.2564 

.2586 

.  2t507 

.2628 

.2650 

.2671 

.2693 

.2714 

.27J6 

.19 

.2758 

.27N) 

.2802 

.2823 

.2845 

.28t>7 

.2890 

.2912 

.2934 

.2») 

O.'JO 

0.2978 

0.3001 

0.3023 

0.3O16 

0.3068 

0.3091 

0. 3113 

0.3136 

0.3159 

0.31^t2 

.'Jl 

.3205 

.3228 

.3250 

.3274 

.8297 

.33-20 

.3343 

.3366 

.3389 

.3413 

.  22 

.3436 

.:M60 

.3483 

.3607 

.3530 

.  3.">r)4 

.a=S78 

.3601 

.3625 

.3649 

.2:j 

.3673 

.3697 

.  3721 

.3745 

.3769 

.3794 

.3818 

.3842 

.3866 

.3891   . 

.24 

.3915 

.3940 

.3964 

.3989 

.4014 

.4038 

.4063 

.4088 

.4113 

.4138 

.2f. 

.4162 

.4187 

.  4213 

.4238 

.  42tJ3 

.4288 

.4313 

.4339 

.4364 

.4389 

.  jr. 

.4415 

.4440 

.446(» 

.4491 

.4517 

.4543 

.4568 

.4594 

.4620 

.4646 

.27 

.  4672 

.4698 

.  4724 

.47W 

.4776 

.4802 

.4828 

.4855 

.4881 

.4907 

.2.S 

.4934 

.4960 

.4987 

.5013 

.5040 

.5067 

.509;J 

.5120 

.5147 

.5174 

.29 

.5200 

.5227 

.52M 

.5281 

.5308 

.5336 

.5363 

.6890 

.6417 

.M.J 
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Table  3.— Ui^cAarye  ofer  a  thin-edged  weir  per  foot  o/ cf«#— CJontinu^^ 


mdHjaet. 

•WUO 

.001 

.«« 

.wm 

,004 

.m 

.00* 

,097 

.OOK 

.00. 

^.m 

aiMTi 

0.5409 

O.ASOT 

0.5554 

o..v5a;! 

0.5609 

0.5837 

0.5664 

o.6eitt 

0.5720 

.31 

.5748 

.OT5 

.m^ 

,r)«Sl 

.5869 

.6887 

.5916 

.6943 

.6072 

.6000 

.!Ei 

.9m 

.60G« 

.«w& 

.6U3 

.8141 

.6170 

.619« 

.8227 

.625.^ 

.G2M 

.U 

.^3 

.6S41 

.«ff7D 

.0390 

.84?8 

.6457 

.8486 

.8516 

.6644 

.6573 

.M 

.c«a2 

,61181  ' 

.66f» 

,fi«fi9 

.6719 

.6748 

.8777 

.680? 

.6836 

.8866 

.9^ 

.689ft 

.«!»25  ' 

.«0M 

.^^984 

.7014 

.7043 

.7073 

.7103 

.7m 

.7163 

.3(T 

,TIW 

.72as 

.rifls 

.7283 

.7313 

.7343 

.7373 

,7404 

.7434 

.74«4 

,sr 

.7496 

.75ffl6 

.7555 

.7.1S6 

.7616 

.7647 

.76^ 

.7708 

.7739 

.7770 

,3« 

.7«0 

,7B31 

,7Se2 

.78^ 

.7aS4 

.7e«j 

.7086 

.8017 

.80*8 

.8079 

.39 

.8110 

.NI42 

.8173 

.»»! 

.83*5 

.8287 

.8298 

.8330 

.8.'i8t 

.1303 

o.« 

0.8424 

0.84B6 

0.8W 

0,S6I9 

0.8561 

a8fi4Cl 

O.H6t& 

0.8648 

0.8678 

0,8710 

.41 

.8742 

.B774 

.8S06 

.S»38 

,8»*70 

.H003 

.8335 

.8967 

.8099 

.9032 

.42 

.0064 

.9Effi6 

.0129 

.0181 

.0104 

.9228 

,02.50 

.0292 

.9324 

.9857 

,«! 

.^90 

.0422 

,9lft& 

.0488 

.0fV21 

.9fi&4 

.0587 

,0620 

.9663 

.0688 

.44 

.9719 

.9762 

.97811 

.9819 

.08Sa 

.9885 

.0919 

.9962 

.99t!i5 

1.0019 

.4fi 

LOOM 

1.0OB6 

1.0110 

1.0153 

t.01K7 

1.0220 

1.02.54 

1.0288 

1.0321 

1.035.5 

,4< 

I.0SS9 

L0423 

1,0167 

l.OIOt 

l.0.Vi6 

i.oJi&a 

1.059S 

1.06^ 

1,0661 

1.0696 

.17 

J.0730 

1.0761 

i.ifm 

1.083S 

1.0867 

1.0901 

1.0036 

1.0970 

1.1005 

1.1039 

,4*1 

L1(P4 

1,1109 

i.im 

1.1178 

1.1213 

1.I24S 

1. 128'2 

!.i:{17 

1.1352 

1.13S7 

.4? 

L1422 

L14&7 

1.1432 

1.1627 

LL')G2 

1,1607 

l.l(i32 

1.1868 

1.1703 

l.I73fl 

OSO 

Lina 

l.liOO 

1.1844 

1.1879 

1.  1016 

1.1960 

1.1SB6 

1.2021 

1.2067 

i.20es 

.M 

L2128 

1.2164 

l,'i200 

1.2235 

1.2^1 

1,2S07 

1.2343 

1.2370 

1.2415 

1.2451 

-M 

1.24*7 

1.2&2S 

1.2.T60 

1.2606 

i.2eai 

1.3667 

1,2703 

1.2740 

1,2776 

1.2812 

.113 

L2fl49 

1.5886 

1.2921 

1.2968 

1.29W 

1.3D«1 

1.3067 

L3l(M 

t.3141 

1,3177 

.M 

1.3214 

L  3^251 

1.3287 

1. 11321 

1.33G1 

l.S3e8 

1.3435 

1.3472 

1.3509 

t.  3.516 

.5^ 

1.3583 

i.afi20 

1.3667 

\.mm 

1,3731 

1.3768 

1.3906 

1.3«M3 

1.3»80 

1.391^ 

.56 

LSflU 

1.3902 

1.4€(») 

1.4067 

1.4105 

1.4142 

l.llM 

1.4217 

1,4256 

L4293 

.57 

L4330 

L43fle 

14406 

1.1444 

1.-U81 

1,4510 

1.4667 

l,4.'i06 

1.4833 

1,4871 

M 

L4709 

1.4747 

1.47B& 

1.4%2S 

1.4SB2 

1.4900 

1.4038 

1.4Q76 

1,6014 

I.. "1053 

,m 

Lum 

Lm»t 

l.&]«8 

i.fiaoe 

1.6246 

1.528» 

1.5322 

1,5381 

1,6399 

1.W3S 

0.«Q 

L5476 

l.^lh 

1.&&M 

l.A»03 

1.58ai 

1.56TD 

1.6709 

1.6748 

1.6787 

l.fiKJi 

.81 

].iW6(^ 

L6004 

1..^3 

l.ftOKZ 

1.6021 

1.6660 

1.6100 

1.6139 

1.617H 

I.H^IT 

.«3 

l.e2&7 

Lfi'.'flfi 

l.^^i 

l.fiaTfi 

1.1^14 

1.8161 

l,ft403 

1.65S3 

1. 6572 

1.6tiI2 

.« 

L065Q 

l.flS91 

1.8731 

l.ti771 

Lsato 

l.OB.'iO 

l.(i890  '  1.60^ 

hrmo 

1.7(110 

.ftl 

1.70B0 

1,7090 

1.7130 

i.n7o 

1.  7210 

1,72.^ 

1.  7290  '  1.  7330 

1.7370 

l.7^lO 

.«5 

L7451 

1,7401 

1.75:11 

1.757J 

L  7612 

L7652 

1.7603     1.7733 

1.7774 

1,7MH 

.«G 

1.7856 

1.7996 

1.70S6 

1.7077 

1.8aiH 

"i/iftm 

1.8009     1.8140 

l.HM 

1,  H221 

.67 

u&mi 

1.8308 

1.8.-H4 

l.H38fj 

LH426 

I.M&: 

1.8.=iOH     l.«M9 

1.8M0 

1.1^12 

.AH 

hmn 

L8714 

1.8765 

l.§708 

l.»S3S 

LM8-y 

LfiH20     1.8062 

1.9003 

i.9cm 

.G9 

i.gose 

1.012R 

1.9159 

1.9211 

1.0252 

1,0-2^ 

1.0336  ,  1.9377 

1.0419 

1,0  mi 

{IL70 

1.9608 

1.9&44 

i.^y^ 

].9(S28 

1.0K70 

1.0712 

^07.■^l      1.0706  ' 

1.0S38 

LOH«l 

.il 

1.9022 

1.09<» 

2.0006 

2.0018 

2.0031 

2,0133 

a.01T5  '  2.0217 

2.0280 

2,03l»2 

.nt 

2.0944 

2.03S7 

2.012V 

2.  §472 

Z  O-iU 

2.06i7 

2.0609  1  2.0542 

,.o>^ 

2.0727 

.7B 

2,(rnu 

2.  OBI  2 

s.oa'is 

2.fl8aH 

2.0941 

2.098;i 

2.1026     2.1089 

2,1112 

2.  n.^s 

,i4 

2.1108 

2.J241 

2.1^4 

2. 1327 

2.  137U 

2. 1«3 

2. 1456     2.  Ii09 

2.1543 

2.1586 

.71^ 

2.1029 

2. 11*73 

2, 1711! 

2.  l^'iO 

2. 1«IK 

2.1IMti 

HAim  '  2.1932 

2. 1076 

2.2010 

.7M 

2.20QS 

2.2107     2.'2150 

2,2191 

2,  E'JJT 

2,2281 

±'mr>     2.234l\l 

2.  2412 

2,  2a:^\ 

-77 

2.36oa 

Z'I5U     2.258S 

2.2832 

2.  2675 

^.2710 

2.27*13 

2.2.'TO7 

2.2851 

2, 2l*tNf 

.-« 

2.2040 

Z'i^M  1  2.3028 

2-3072 

2.  3116 

2.3161 

2.320fV 

2.3240 

2.3293 

2.333H 

h7V 

2.3882 

2.^27  J  2.M71 

2.3516 

2.3560 

2.3604 

2.3649 

2.3604 

2,3738 

2.3783 
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Table  3v — IHMchar^  over  a  thin-edfjed  iveir  per  foot  of  rmt — Con  tinned. 


YiemAiUtmi. 

.000 

.001 

.oot 

.008 

>004       .«» 

.001 

-«i2 

.              1 

a.w 

S.SKH 

a.  3872 

2. 3817 

2,8962 

2.400fi     2.40ftl 

2.400S 

Z4U1 

2.418ft     X4SI 

.81 

a.42rm 

2.43a 

2.43« 

2.4411 

2.415S     2.4501 

2.4M* 

2.4591 

X46afi     %¥»\ 

.m, 

2.4727 

2.4772 

2.4»17 

2.4802 

2.4906  '  2.4Wi3 

2.4999 

2.5044 

2.-^089  '  IMli 

.IS 

3L51W 

2,fi23A 

3,63:71 

2.5317 

2,5303  '  %bm 

2.5454 

2.5500 

2.554S     i^'iL^ 

.M 

%fim 

15683 

2.&72S 

2.5774 

a.ftfOO  '  2.5Wfl 

2.6912 

2.5068 

2.0004     'L^m 

.85 

2.  MM 

3.m42  1  2.3188 

2.ti:B4 

2.a2nn    2«a27 

2.«m 

2.6419 

2.M6S  ..  S.fi.'Ml 

.m 

2.««e 

a.««w 

5r,e650 

2.  GMT 

2.6743     2.^790 

2.fi83« 

2.6888 

2.6929  '  2*9;f. 

m 

Z7Qa2 

a,706fl 

%1\U 

2.n82 

2.7209     2.725e 

2.7M2 

2.7S49 

2.7M6  1  2-4a 

.u 

2.74BO 

il.763fl 

2.7!iSa 

2.7fl«) 

2.7«77     2.77M 

2.7771 

2.7818  1 

2.7865  '  2.7912 

,m 

2,79M 

2.flOff7 

2.  §064 

2.8101 

2LS148     2.8196 

2.824* 

2.«290 

a.*Ba7    2ss?5 

n.m 

3.S4S2 

^un 

L^H 

2.8674 

2.8G22    %mm 

2.*ai7 

2.f7«l 

2.S812     2iS60 

.m 

2,TO07 

2.«0S6 

2.9003 

2.90fiO 

2.9093     2.9146 

2.9194 

2,9241 

2.92^     2,WS: 

.©2 

2.98B& 

2.9433 

%W<\ 

2.9S29 

O.B.'in     2.9(^ 

2.9673 

2.9721 

2.9709  !  2.1817 

.PS 

2.000^ 

zmu 

2.9962 

3.0010 

3,00^     3.0107 

3,0165 

3.0203 

3.0252  :  3.0WW 

.M 

S.0S4g 

3.03i7 

3.014J 

8.0494 

3.0:>42     3.0591 

3.0639 

3.0G88 

S.0(J37  '  3.07Wi 

.efi 

S.OS^ 

3.0K83 

S09S1 

8.0y§Q 

3.  lOS     3. 1078 

a.  1137 

3.1175 

a,  1224     3. 12Ta 

.96 

ai^ 

3,isn 

S.1430 

3.1409 

S.l.'ilS     3.1567 

3. 1616 

3.1665 

S,in4     3.l7fi4 

.m 

a.  1813 

S.lHfi2 

3.  mi 

8.1960 

3/2010     3.2059 

3.2108 

3.2158 

3.^317     3.2iS7 

.** 

3,^06 

3.2355 

3.240A 

a/J454 

3,2fi<M     3.2.j&i 

3.2Ci03 

3.2653 

3.270"2     a.LTSa 

.99 

3.2ffi2 

3,3S&1 

S.  21101 

3.29oi 

3,30*1     3.8061 

3.3100 

3.SlfiO 

3. 3209     3,3350 

LOO 

B.:i3oa 

B,3»50 

5.3400 

3.SI.W 

3.3ft00    a.s.s.w 

3.3600 

3.3650 

3.  3700  ,  3.3751 

.m 

^.myi 

S,3«51 

^3901 

3. 3951 

3.4002     3.405S 

3.410-2 

3.4153 

3.4203 

3.45^ 

,02 

3.4^ 

3.43M 

S.440& 

3.  44-55 

3.  4.'iOfl     3.  4557 

3.4fiir7 

3.4e« 

3.470K 

a.47?i9 

.03 

S.WO 

3.4seo 

a.  4911 

3.4se2 

3.5013     3,!iOS3 

3.5114 

3.5165 

S.5216 

3.3067 

.04 

a.fisis 

a.faos 

3..'W20 

51.M71 

xf^j^^   xmn 

3.5624 

3.r«V5 

3.5726 

3.5777 

.Oft 

3.F}K£S 

3,ft*W0 

a.  nm. 

3.,5BH*2 

xmSA     3.>5tH5 

3,m3(i 

3.61S7 

S.623y  1  3.629U 

,06 

3.6942 

;ifi3fla 

3,6W4 

^.um 

3.ftM7     3.a599 

a,  6651 

3.  h702 

3.P7.'i4      3.tirti^> 

.07 

3.e«57 

3.  mti 

;*  r.y6o 

^l,7tH2 

;l7(m    3i,7n<; 

3  7167 

3.  ?21!J 

:L  7271      X  TJt^i 

aw 

;v  737,^ 

X74J7 

;i.747:» 

■A.  liHW 

3,7f^l     y-7fi:iT 

3.  7687 

;j.  7739 

3.77^1      3.-^3 

JftI 

;V7S«& 

3.  TW7 

:r  Huim 

3.HlrVJ 

;*.  >tui4    3.  Hirxi 

^,  S'JOy 

3.»261 

3.K313     A.^S^ 

l.U, 

.^.WIH 

3.  H470 

3.  8.523 

3.  8.575 

3.  862.H      :i.  M680 

3.8733 

3.878.5 

3.8838     3.8890 

.11 

3.  K943 

3.  K99(i 

3. 1H>48 

3.9101 

3.  91 M      3.  920ti 

3. 92.59 

3. 9312 

3.9:^5     3.*M1> 

.12 

3.  iM70 

3.  y.=S2:i 

3. 9576 

3.  9629 

3.  <^H2     3. 9735 

3.9788 

3.9841 

3.981M     3.9W7 

.13 

1.0000 

4.  OOTvJ 

4. 0106 

4.0160 

4.a213      4.0266 

4.0319 

4.0372 

4.W26     4.0479 

.14 

4.0.\T2 

4.0586 

4.06,39 

4.  0692 

4.0746      1.0799 

4.08.53 

4.0906 

4.0960     4.101;? 

.1.') 

4.  \wr, 

1.1120 

1.1171 

4.  12-28 

4. 1281   1  4. 1335 

4.  i:i.s9 

4. 1442 

4.1496 

4.  L5tO 

.16 

4.  K.04 

4.  1657 

4.1711 

1.  17»o 

4.  I.H19      4.1M73 

4. 1927 

4.1981 

4. 20:V) 

4.2089 

.17 

4.2143 

4.2iy7 

1.2251 

4. '2:505 

4.2359      4.2113 

4.2467 

4.25-22 

4. 257t; 

4. -2630 

.18 

4.2«»x| 

4.  2738 

4.2793 

4.2.S47 

4.2901  ;  4.2956 

4,3010 

4.3065 

4.3119 

4.3173 

.19 

1.3'22H 

4.3282 

4.3;W7 

4.:«92 

4.3146  1  4.;i.501 

4.:i5,55 

4.  :i610 

4.366,5 

4.3719 

1 .  20 

J.  3774 

4.:iv2y 

4.:J.H.si 

4.39;iS 

1 
4.3«n«      1.4<H.H 

4.4103 

4.  4158 

4.4212 

4. 4-287 

.21 

4.4322 

4.4:;77 

4. 1132 

4.4187 

4.4.512  1    t.45«t7 

4.  4(;52 

4.4707 

4.4763 

4.4J<lf* 

.  22 

1.  1.H73 

J.  4y2.H 

J.  V)K\ 

4.503M 

■\.'^m  \   4.5149 

4.5-204 

4.5260 

4.  iVUo 

4.6:?70 

.23 

1.  .'>12f; 

4.r)481 

AJ^<X1 

4.  5.592 

4..'>(>47  \  4.5703 

J.. 57.59 

4.5814 

4.5S70 

4.5925 

.21 

4..''v.»Sl 

\.a)?A\ 

\.mxi 

4.614.S 

J.6_H«      1.<V259 

4.6315 

4.6371 

4.6427 

4.64S2 

.  2.') 

4.  i\W.V^ 

4.(r>«.)4 

4.  Cx-'jO 

4.67(H", 

4.6762  1  4.r>Sl.S 

AJ\Sl\ 

4.6930 

4. 6986 

4. 7042 

.  2«". 

1.  7(i'.<^ 

J.71M 

4.7210 

4.72»k) 

1.7322  1  4.737s 

4.7135 

4.7491 

4.7.547 

4.  It'Ci 

.27 

1.  7»i<Ai 

4.771ti 

1.7772 

4. 7S29 

4.7.S.S5  '  4.7941 

1.799S 

4.  H)54 

4.8111 

4.S167 

.  2*> 

4.V221 

1.  v2.su 

4.83;57 

4..H393 

4.84')0  1    I.S506 

4.8,5C»;5 

4. 8620 

4. 8671) 

4.S73;i 

.  2*.* 

4.?^7lH( 

4.NS17 

4.y)(»3 

4.8960 

l.'.Xin  '  4.  907  J 

4.9131 

4.9187 

4. 9244 

4.9301 
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Table  3. — Discharge  over  a  tiiin-edged  weir  per  foot  of  tTe*i<— Continued, 


»d//,feet. 

,010 

.mi 

.oot 

.M. 

.ll»4 

.Mi 

.ooi 

.M7 

-MS 

.DM 

4.9K72 

K30 

4,fiSS§ 

4.94I& 

4.W72 

4,9009 

4.9&86 

4.0643 

4.97oa 

4.fr57 

4.9614 

.m 

4,W-l» 

4.«9§6 

6,0013 

5,0100 

5.015S 

5.0215 

5.0272 

5.0390 

5.08H7 

5.0444 

.32 

&.Q|50a 

h.om 

ft.Ofilfl 

5.0674 

ft.oni 

B,07IW 

ft.  Wild 

5.00CM 

5,0961 

6.1019 

.aa 

.-klOTT 

&.im 

,Mm 

5,1349 

5, 1307     6.^1366 

5.14^ 

6.14PO 

5,1688 

5.1596 

JH 

&.16&4 

5,1712 

hA-m 

h^lffTJ 

5.1fi&-5     6.W 

5.2001 

6.02fl& 

5.2117 

5.2175 

.S-i 

h.Tm 

5,22ftl 

h.mi^ 

h-mn 

5.3*ifi    !fc.afia8 

5.2582 

5.2640 

5,2e0i 

5w27-=i6 

.3ri 

y2ftl4 

5,287B 

6.29fll 

5,2SW9 

5.»04S  1  5.B10G 

5.3164 

.^.jms 

6.X3M1 

5.3340 

.37 

5.9300 

li.ft4.W 

ft.»515 

h^wn 

5.aas2  ■  %.'smi 

5.S740 

5.»80» 

5.3»66 

5.»92.'V 

.^ 

^=>.39M 

.■1.4142 

6.4iai 

5.41«0 

5.4219     114277 

5,43»« 

5.4^5 

5.4454 

5.4513 

.39 

-Vi-VTa 

&.46S0 

ft,4fiHtt 

5.4748 

5.48ff7     5.4S66 

5.49(25 

h.Amk 

.S.5IM3 

5.  5102 

l.W 

ft. -"ilea 

.M^ai 

5.  saw 

5.6339 

h^m^  1  5.5I.'j7 

5,5£il6 

5.557W 

,'i.56a5 

5.5694 

A\ 

ft.  5751 

ft.^-jfiia 

iKRK72 

5.8982 

5.,'W91  ^  5.e050 
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.4S 
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S.06H7 
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6.  5415 
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6.jyM» 

fl.li670 
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6.6072 
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6,  li:tH6     fl.  5419 
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6.9W4 
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6.  9171 
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fl.lMtW 

0.95%*     *;.9»il8 
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6. 97113 

fi.  M810 

6.9f(74 
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fi.l»37 

7,0001 

7.0065 

7,0129 

7,0iya     7.0'2i* 

T.oa?i-2 

T.a^w; 

7.0450 

7.*^14     i 

.!>-> 

7.aj7g 

7.0<MJ 

7,OT0i-. 

7.0771 

7,drtaft     7.0Ha9 

7ATUHa 

7.  lO-2f^ 

7.1D9'J 

7.11.W    1 

.HtV 

7.m::i 

7, 12^-^ 

7.  i:m*i 

7.  HU 

7.147H  ;  7.1543 

7.  llWf7 

7.  H>7i 

7.1736 

7.1K)1     ' 

.tf7 

T.lffft^ 

7. 19«0 

7.1994 

7,  l.H)t^5> 

7.21i4  '.  l.'ll^ 

7.2-2.=i3 

7.i;il« 

7.^i3J42 

7.JH7    . 

.fiH 

7.iMa 

7r   2^*13 

7.irmi 

7.270fi 

7,27T1  1  7,2«;Ui 

7/J901 

7.'/*.Jiyi 

"acno 

T.309.T 

.1^ 

7.31(10 

LS-Zift 

7.:^:.^ 

-  a3ft5 

7.  :H20  I  7.  lt4K.i 

7.3-T.=^l 

7.:«^5 

7.36H0 

7.:;74ft 

1.7!) 

7,3S10 

7.3M7ti 

7,  aim 

7.4006 

7,4U71 

7,  aaiv 

7.4:»1 

7.4267 

rvm 

7,45*17     ' 

,T1 

7,44B3 

7.45CiM 

7.4Mirj 

7.4t*^ 

7.  47il 

7.47HB 

7.4.'LVi 

7.  iKW 

7.4986 

7.  TtO-iI     1 

,T1 

7.M17 

-.ftlK'^d 

7.ftl!4K 

-  TiSKi 

7.  .'i;l79  \  7  .-yift 

7.,  .510 

7.5.S7fi 

7.,'iWl 

7.57U7 

.TA 

7.ft77^ 

7.,WS 

7^^^ 

7,  .^0 

7,iMWrt  '  7.6102 

7.61IV7 

7.  f^SW 

7,6299 

7.iyti3 

,74 

7JHai 

7.tt4l*7 

7.fiftiLi 

T.lie-JH 

7,  iit5tH 

7.07|}O 

Tjifel'ii 

7.6?<',*J 

7.69W 

7. 70-24     1 

W.S 

T-TIMH 

7. 71  .=.7 

7.7i2:i 

7,  vm^ 

7.7:tVi 

7.7421 

7.74M7 

7.:VM 

7. 7r»ai 

7. 7lWi; 

.7rt 

7, 77fe 

7.7>^1W 

7.  7hM.\ 

7  7UM 

7.?MIIH 

7.WHJ 

7.m:T0 

7.^217 

7.*Oy 

7.?<Hi» 

,77 

7,ft41H 

7.IMK: 

7  -^Siy 

7.  finiir* 

7,«lM2 

7.N74H 

7.  fWl.-j 

7.f«fi-i 

7.  ?<'>1,'( 

7.901U    1 

.Tj* 

7,yo«i 

7.m4H 

7  y-*!:! 

7  ^^i 

7,i*:Uf^ 

7.94lft 

7.94fri 

T.iiM.'^ 

7.*U.^i 

7-96K-J 

■™ 

7.97111 

7.llwl(i 

7.9HH2 

7.w»iy 

M.WUl 

W.OIM 

a  0150 

KKUil 

B.(iaM 

K\v:t\   j 
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9.4540 
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9.JKW 

9.4965 
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9.5106 

9.5177 
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9.SSP 
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B.fteon 
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9.574S 
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'  9.58W 

9,5958 

9. 60-29 
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9,5450 
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9.6fi7(^ 
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W.  N57 
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'.*  S81ft 

9.H.HK7 
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9. 9<i78 
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9. 9V22 
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9. 9H94 
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10.011 

10.018 
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10.033 
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10.047 

10.  Oil 
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10.  (HV2 

10.069 
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10.  OIK) 
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lU.  127 
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10.  v.n 

10. 1 11 

10.148 
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10.163 
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10. 177 

10.185 
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10.20»i 

10.214 

10.  221 

10. 228 

10.  23.5 

10.243 

10. 2.50 

10.2.57 

llO.  264 

10.272 

.I'J 

10.279 

10.286 

10.2<»3 

10.301 

10.308 

10.315 

10.  \K2:^ 

10.  XVd 

10.3:^7 

10.:H4 

AW 

10.352 
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10.3('»6 
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10.396 
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10.410 

10.417 

.U 
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10.447 

10.  151 
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10.469 

10.  476 

il  0.483 

10.491 
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10. 498 

10.505 

10.513 

10.  520 

10.527 
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10.  .5-12 

10. 519 

'  10.  .5.57 

IO.VkJ 
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10..-)71 

10.579 

10.586 

10.593 

10.601 

10.  tk)s 

10.615 

10.623 

'io.6;» 
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10.  W.T 

10.6.')2 

10.  «JS9 

10.t*>67 

10.671 

10.  r^2 

10.6.H9 

10. 69<; 
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10.711 
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10.71H 
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10.741 
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10.800 
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10.888 
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.•22 
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11.030 

11.037 

11.045 
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11.0tJ7 

11.074 

11.0>'J 
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11.112 

11.119 

11.127 
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11.141 

11.149 

11.1.=>6 
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11.171 

11.179 

11.186 

11.194 
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11.209 

11.216 

11.224 

11.2:^1 

.  2r> 

11.239 

11.246 

11.254 

11.261 

11.269 

11.276 

11. 2M 

11.2«)1 

11.299 
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11.314 

11.321 

11.329 

11.336 

11.344 
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11.374 
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11.401 

11.412 

11.419 

11.427 

11.434 

1 1 . 442 

11.449 

11.457 

.  2S 

11.4r.4 

11.472 

11.479 

11.  J87 

11.494 

11.502 
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11.517 
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1 
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n..5K.-, 
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1 
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iS.417 

1X424 

13.4Xf 

1X440 

1X448 

1X456 

1X164 

1X472 

.54 

13.480 

I3.4H8 

1X496 

IX  ."MM 

13.512 

1X520 

1X528 

1X536 

1XM4 

13,  552 

.-Vi 

13.5fl0 

13,  .W8 

1X576 

1X5H4 

13,692 

1X6Q0 

1X606 

1X616 

1X624 

1X632 

.Afi 

13.^10 

l3.fi4Pt 

1X656 

1X664 

13,  672 

1X680 

1X686 

1X696 

13.  704 

13.712 

.  'hi 

13.720 

1X72» 

1X736 

1X744 

1X762 

1X760 

1X76^ 

1X776 

1X7S4 

13,792 

,^ 

\%.im 

1X808 

IXFia 

1X824 

1X832 

IXftiO 

1X848 

IXK-VS 

IX  «H 

13.  872 

.59 

meao 

IX8fi» 

1X896 

1X904 

1X912 

1X920 

1X9t» 

13.9C16 

1X944 

lX9f<i 

U.60          ' 

t&.991 

13.969 

IX  ATT 

1XWPI5 

13.99S 

14.001 

14.009 

11.017 

11.025 

14.  KWt 

M 

H.Wl 

14.019 

14.067 

14.065 

14.074 

14.082 

14.090 

14.0en 

14.106 

HJU 

.fi^ 

14.122 

14.130 

14.138 

l4.H*i 

14.151 

14. 162 

14.171 

14. 179 

14. 1^7 

14, 195 

.03 

H.SOS 

14.211 

14.210 

14.T27 

14.235 

14.243 

14.2-*rtJ 

14.2l'ia 

14,2»W 

1  L  27fi 

,&1 

14. 2m 

14.29'J 

14.300 

14.30H 

11. 916 

14.32S 

14.  KJKI 

14.^141 

14.:M9 

1 1.  'Ai^- 

.r.:v 

14.366 

14.373 

H.3N2 

14.390 

]4.3»4 

H.40« 

14.414 

U.  V2:l 

14.  4:10 

UAm 

M 

14.447 

14. 4.% 

i4.4aa 

14. 471 

14.479 

14.487 

14.496 

14,5(H 

14.512 

14.5;!ifl 

M 

14.  f^ 

14.536 

14.&45 

1 1.  h^ 

14.  561 

14.  Tm 

11.577 

14.5M:i 

U.*'»9* 

n.(li2 

.tlH 

i4.eio 

14. 1^1  H 

14.f>2(i 

14.ti:M 

14.043 

14.t>51 

14.fi.>g 

14.«*;7 

14.1^75 

irtMJ     1 

.BV 

I4.fl«2 

14.700 

14.70H 

14. 71<» 

14,  rr* 

14.7:« 

14.741 

11.719 

14.  757 

11.7H*i     ] 

:f.7(i 

U>774 

14.7M2 

14.7^0 

14.7UH 

H.WI7 

14.H16 

l4,K2a 

14.  XL! 

14.H39 

U.iillt    1 

.7t 

U.*'!^ 

14.  «W 

14.  H72 

ILfOil 

14.HWS* 

14.?*97 

ll.9tJr> 

14.913 

14.922 

14.9^ 

,11 

14. 0^ 

14.  W\ 

14.  'J=V» 

I4.9t;;f 

14.971 

14.97!» 

l4.9Wi 

14.9«Mp 

15.004 

15.012 

.73 

m€21 

IhAiJ^ 

15.  m7 

1.MH5 

15.  im 

i.i.ix;2 

15,070 

15.07?* 

15.t*H7 

15,*^ 

.74 

Ifi.  IIK? 

15.11'J 

15,1 '20 

15. 12.S 

l.-i.j:^; 

15.145 

1.5. 15.! 

15. IHt 

l.'i.  im 

15.178 

.75 

15. 1«6  !  If).  1<M 

15. 203 

15.211 

15.219 

15.  •227 

15.  '£M\ 

15.244 

15.2.V2 

15.-2,n     ' 

.7i; 

15.269     ir>..>77 

15.2K'> 

15.294 

15.  'MYl 

i.^).:no 

15.319 

15. 327 

15.335 

15.344     I 

.77 

15.  :Vv2     15.  :ido 

1. '...%*> 

l.'>.:{77 

1.-..  :^-> 

15.394 

15.402 

15.  410 

15.419 

1 
15.427 

.7x 

15. 4:15  1  15.443 

15.452 

l.").44i0 

15.44'^ 

15.477 

15. 4X5 

15.  IW 

15.  :.02 

15.510    ' 

.7y 

15.  .519 



15.  .727 

15.  .\J5 

1.-...-V44 

V... 

15.;y.0 

15. 569 

... 

15. 577 

15. 5S") 

15..')^ 
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Tablb  8. — Di$charife  war  a  thinredged  weir  per  fooi  {jf  crMk-Cmituiaed. 


HeMlirfeet 

.oa» 

.001 

•OM 

•OM 

.004 

•OOi 

•Mt 

«M7 

.MO 

.088 

•      2.80 

16.602 

16.610 

16.618 

16.627 

16.686 

16.644 

16.662 

16.0S1 

1&063 

16l677 

.81 

16.686 

16.604 

16.702 

16.711 

16.718 

16.728 

16.786 

16.744 

16.758 

15.761 

.82 

16.709 

16.778 

16.786 

16.706 

16.806 

16. 8U 

16w820 

16.888 

15w887 

1&845 

.88 

15.868 

16.862 

16.870 

16.879 

16.887 

16.886 

16,904 

16.912 

.16.  m 

Ul929 

.84 

16.988 

16.046 

16.964 

16.968 

16.971 

16.980 

16w968 

16.907 

10.006 

16.018 

.85 

16.022 

16.000 

16.080 

16.047 

16.066 

16.064 

16.072 

16.061 

16.080 

16lOB8 

.86 

16.106 

16.116 

16.128 

16.182 

16.140 

16.148 

16.  U7 

10. 1« 

10.174 

16.18! 

.87 

16.191 

16.199 

16.206 

16.216 

16.226 

16.288 

16.242 

16.260 

10.266 

u.m 

.88 

16.275 

16.284 

16.292 

16.801 

16.800 

16.818 

16.806 

16.886 

10.848 

l&8tt 

.80 

16.860 

16.860 

16.  sn 

16.886 

16.894 

16.408 

16.411 

I6w420 

10.428 

16l4R 

2.90 

16.446 

16.464 

16.402 

16.471 

16.470 

16.488 

16.496 

16.606 

16.618 

VLSn 

.01 

16.680 

16.680 

16.647 

16.666 

16.666 

16.678 

16.682 

16.600 

16.600 

16.697 

.92 

16.616 

16.624 

16.688 

16.641 

16.650 

16.668 

16.667 

16.675 

16.604 

16l6K 

.08 

16.701 

16.710 

16.718 

16.727 

16.786 

16.744 

16.768 

10.761 

UwTTO 

16l738 

.04 

16.787 

16.706 

16.804 

16.812 

16.821 

16.880 

16.888 

16.847 

16w866 

16.8M 

.96 

16.872 

16.881 

16.890 

16.888 

16.907 

16.916 

16.924 

16.982 

16.041 

16.9B9 

.96 

16.968 

16.967 

16.976 

16.964 

16.998 

17.001 

17.010 

17.(08 

17.027 

17.6K 

.07 

17.044 

17.068 

17.062 

17.070 

17.079 

17.087 

17.096 

17.106 

17.118 

17.1S 

.96 

17.  UO 

17.180 

17.148 

17.166 

17.166 

17.174 

17.182 

17.191 

17.190 

17.906 

.99 

17.217 

17.226 

17.284 

17.248 

17.261 

17.260 

17.289 

17.2n 

17.286 

17.» 

8.00 

17.8088 

1 

Table  4. — Ducharge  over  a  thin-edged  weir  per  foot  of  cretL 


Head 
H,  feet. 

.00 

.01 

.02 

.0. 

.04 

.05 

.00 

.07 

.08 

.09 

0.0 

0.0000 

0.0033 

0.0094 

0.0173 

0.0266 

0.0372 

0.0489 

0.0617 

0.0753 

0.0099 

.1 

.1053 

.1215 

.1384 

.1561 

.1744 

.1935 

.2131 

.2334 

.2543 

.2758 

.2 

.2978 

.3205 

.3436 

.3673 

.3915 

.  4162 

.4415 

.4672 

.4934 

.5000 

.3 

.5472 

.5748 

.6028 

.6313 

.6602 

.6895 

.7193 

.7495 

.7800 

.8110 

.4 

.8424 

.8742 

.9084 

.9390 

.9719 

1. 0052 

1.0889 

1.0730 

1.1074 

1.1422 

.5 

1.1773 

1.2128 

1.2487 

1.2849 

1.3214 

1.3583 

1.3955 

1.4330 

1.4709 

1.5091 

.6 

1.5476 

1.5865 

1.6257 

1.6652 

1.7050 

1. 7451 

1.7&T5 

1.8262 

1.8673 

1.9086 

.7 

1.9503 

1.9922 

2.0344 

2.0770 

2. 1198 

2.1629 

2.2063 

2.2500 

2.2910 

2.3382 

.8 

2.8828 

2. 4276 

2.4?27 

2.6180 

2.6637 

2.6096 

2.6558 

2.7022 

2.7490 

2.79W 

.9 

2.8432 

2. 8907 

2.9385 

2.9865 

3.0348 

3.0834 

3.1322 

3. 1813 

8.2306 

S.28Q2 

1.0 

3.3300 

3.3801 

3.4304 

3.4810 

3. 5318 

3.5828 

3.6842 

3.6867 

3.7375 

3.7895 

1.1 

3. 8418 

3.8943 

3.9470 

4.0000 

4.a532 

4.1067 

4.1604 

4.2143 

4.2384 

4.3228 

1.2 

4. 3774 

4. 4322 

4.4873 

4.^26 

4.5981 

4.6538 

4.7098 

4.7660 

4.8224 

4.K790 

'         1.8 

4.9358 

4.9929 

5.  a502 

5.1077 

5. 1654 

5.2233 

5.2814 

5.3398 

5.3984 

5.4572 

1         1.4 

5.5162 

5. 5754 

5.6348 

5.6944 

5.7542 

.5. 8143 

5.8745 

5.9350 

5.0967 

6.(«5 

1         1.5 

6.1176 

6. 1789 

6.2404 

6.3020 

6.3638 

6.4260 

6.4883 

6.5506 

6.6185 

6.6761 

1         1.6 

(•).  7394 

6. 8027 

6. 8662 

6.9299 

6.9937 

7.0678 

7.1221 

7.1865 

7.2512 

7.8160 

1         ^-^ 

7.  .3810 

7.4463 

7.5117 

7. 5778 

7.6431 

7.7091 

7. 77.52 

7.8416 

7.9081 

7.9719 

1          1.8 

8.0418 

8.1689 

8. 1762 

8.2437 

8.3118 

8. 3792 

8.4172 

8.6154 

8.5838 

8.6824 

i         1.9 

1 

K.  7212 

8.7901 

8. 8592 

8. 928.5 

8.9980 

9.0677 

9.1375 

9.2075 

8.2777 

9.3481 

TABLES   FOR   CALCULATING    WEIR   DI8CHABGE. 
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Table  4. — Discharge  over  a  thin-edged  loeir  per  foot  of  creU — Continued. 


.ii 

,0* 

.M 

.M 

.06 

.06 

.07 

.08 

.00 

2.D  '    ^Aim 

9.4W4 

9.Aeoa 

9. 1314  > 

9,7026 

9.7741 

9.8467 

9.9174 

9.9894 

10.0620 

2.1      I0.1MD  1  !O.a06O 

10.2790 

ms,-^ 

10.42fiO 

10.4980 

10.5710 

10.6450 

10.7180 

10.7920 

2.2     10.«060 

10.1MOO 

ll.fllAO 

11  O«90 

11. 1040 

11.2890 

11.8140 

11.8890 

11.4640 

11.5400 

2.  a  '  11.6160 

n.wio 

11.7679 

11.S4D 

ii.saoo 

11.9960 

12.0730 

12.1500 

12.2270 

12.3040 

LA  '  12.S510 

li4«0 

12.AM0 

12.6140 

12.6900 

12.7700 

12.8480 

12.9270 

13.0050 

13.0840 

1        2.  A     13.163P 

ia.24§0 

I3.aai0i 

13,4010 

'  lf.4J00 

18.5600 

12.6400 

13.7200 

13.8000 

13.8800 

2,6     tS.9filO 

14.0410 

14.1220 

14  2030 

14.2840 

143650 

144470 

146280 

146100 

14. 6920 

2.T     U.77« 

I4BM0 

l4.tBS0i 

15.0210 

15.1090 

15.1860 

16.2690 

16.8620 

16.4860 

15.6190 

2,8    is^tioao 

15.6960 

i\7e» 

15.  »^ 

I&9880 

16.0220 

16.1060 

16.1910 

16.2760 

16.3600 

2.9     16l4«0 

i«.5aM 

16.6160 

16. 7010 

16.7370 

16.8720 

16.9680 

17.0440 

17.1300 

17. 2170 

a.Q    iT.aon 

17.  saw 

17.4698 

17.5631 

17.6509 

17.7376 

17.8248 

17.91'24 

18.0000 

18.0876 

ai  j  18.1754 

1B.26W 

IS.  3516 

13, 4^99 

\Km^ 

18.6170 

18.7056 

18. 7945 

18.8838 

18.9727 

3.2     19.061* 

lftl51S 

19.2410 

19.3307 

19.4205 

19. 6106 

19.6007 

19. 6910 

19. 7812 

19.8718 

3.a  '  mwi24 

ao.D(uia 

20.1442 

ao.'-s.'M 

20.3267 

20.4179 

20.5C9.5 

20.6011 

20.6930 

20.7849 

%.A  |m*«771 

20.9690 

2L0613 

21.1538 

21.2464 

21.3390 

21. 4319 

21.6248 

21.6180  1  21.7113 

S.A  1  21.§(WB 

21.8P§0 

21.9917 

22.0«56 

2SLl79fi 

22.2734 

22.3«77 

22.4618 

22.5564     22.6510 

3.C     2i,74(ifi 

22.S4fl6 

22.9S64 

28.0306 

23.1269 

23.2211 

28.3167 

28.4122 

28.5081  '  23.6040 

a-  1  2».eB« 

23.7962 

21. 0924 

n.mn 

24.0ft52 

24. 1818 

24.2787 

24. 3756 

24. 4728 

24.6697 

3.«  1  24.K7» 

ai.7M6 

248621 

249600 

25.0576 

25.1555 

25.2537 

25.8620 

26.4502 

25.6488 

i.e  I  2&5I^ 

2&.74W 

2S.f748 

2^^9437 

'2A.0429 

26.1422 

26.2414 

,26.3410 

26.4406 

26.6401 

CO,  26.0400 

aaL7i»9 

2fi.8«i 

a«.9404 

27.0406 

27.1412 

27.2417 

27.3428 

27.4432 

27.6411 

i.l  1  27.5458 

27.7469 

27.M78 

^.!M94 

28.0509 

28.1525 

28.2544 

28.3563 

28.4582 

28.6604 

42  1  28.6®M 

28.76Sa 

2S.8«7» 

28.9703 

29,0732 

29. 1761 

29.2790 

29.3823 

29.4866 

29.5890 

1,3     29,(5936 

23.7962 

29.9001 

M.OO40 

30.1079 

30.2118 

80.8163 

30.4205 

30.6261  1  30.6297 

%A     30.7*12 

30.8391 

30.M40 

ai.04y3 

31.1545 

81.2597 

81.3649 

31.4706 

81.6764     81.6820 

4.6     S1.7B7S 

31.0941 

32.0008 

32,10(5,^ 

32.2128 

82.3198 

32.4259 

32.6324 

82,6398     82.7462 

4.6     32.S.'i34 

33,9607 

34.0679 

as. 175ft 

3a.  2830 

33.3906 

38.4986 

33.6064 

33.7143     33.8226 

47     38.^307 

34.0aV3 

M.I47fi 

34.2560 

34.Wi6 

34.4735 

34.6824 

34. 6918 

34.80a5  1  34.9097 

4.H  '  S5,019a 

36.12«S 

36.i^M 

a5.34«J 

3».4Wfl 

a5.5677 

»>.6780 

36.7882 

8.5.89^     36.0086 

C9 

86.11KJ 

36.2397 

36.3406 

36.4515 

8I1lS^4 

86.6736 

36.7846 

36.8961 

37.0073  ,  37.1188 

SuO 

37.  aw 

37.342a 

37.4,^2 

»7.56ei 

37.6783 

87.7905 

87.9027 

38.0163 

38.1275     88.2404 

&.1  1  3s.a^ 

3».46fle 

2^.bm 

39.69LJ} 

3S.W062 

38.9184 

39.0319 

39.1456 

39. 2591     39. 37'26 

&.2  1  m4MS  1  8».60£H 

39.7146 

39.^288 

3a,W30  1  40.0576 

40. 1718 

40.2867 

40.4012     40.5161 

StS     40.6310 

40i74fi2 

40.&2SI 

40.976fi 

41,0919  141.2074 

41.3230 

41.4386 

41.5.544     41.6703 

5,4    Ax.im 

4L90S4 

42L018A 

42,13.-© 

42.2517  j  42.8683 

42. 4M8 

42.<K)17 

42.7186     42.8;i55 

^.h  1  42L9e® 

43.0700 

4S.lfl7l 

43-3043 

43.4219     42.6391 

43.6673  1  43.77.52 

43. 8931      44. 0109 

5.6     44.129'2 

44.2474 

4436IV9 

44.4845 

44. 60S0  '  44. 7216 

44.8404 

44.9.593 

45.0782     46.1974 

&.-     4'j.316fl 

4^.48.^ 

4&..5&S4 

45.6746 

45.7915     45.9140 

46.  iXX^ 

46.1538 

46.2740     46..S939 

fi,S     4&5U1 

4rK6347 

4fi.7fi^ 

46.8757 

4d,9»^3     47.1172 

47.2380 

47. 3.589 

47.4798     47.6010 

&.9  1  47.7226 

47.8138 

47.9653 

48.08fl9| 

43.  :MM     48. 3303 

48. 4.522 

48.  .5744 

48. 69fi:t     48.  8185 

aO     4S.9407 

49.D682 

49. 1^^ 

49.3U83 

48.431;?     49.5.W 

49. 6766  '  49.  7999 

49. 9230     .50.  W62 

6.1      &0.1^ 

50.2930 

60. 4!  62 

50,  .^1 

TiO.  6637     50. 7875 

.50.9114  1  51.03.56 

.51.1.595     .51.28:^7 

6.2  !  fil.40fla 

M.fia24 

51.6570 

M,  T^lft 

51.9034     52.0313 

.52. 1631     52, 2818 

.52.40t>2     5i..\314 

a  3     i^fi570 

62-7«22 

.^9077 

53ff^» 

.\S.l5|fl  ,  53.28.50 

.53.4109     .53.  .5871 

.53. 6630     53.  7892 

fi.4     53.0157 

&I.D419 

.^.lOM 

W.2950 

54.4219     54.5487 

.54.67.5(»  ^  54.8026 

54. 9297     ,55. 0.569 

6.cS     M.18S2 

5ft.3llfi 

fi5.4n!^2 

Na.  :^-£i 

65.  i>J4a  '  55. 8221 

r>.5. 9.500     ;)6.0779 

56.  2061     .56. 3348 

6.*     firt.4«2?i 

fi6.&eiO 

fie.  11^1 

.'rf'..HJTH 

tiCu  H76f*  1  57. 10.56 

57.2:W0  i  57.32:« 

57. 4921     .57.  0213 

6.7 

ST.TSOR 

S7,8801 

^.\»m 

&«.1A*W 

m,  2ii«7     68. 3982 

.^.8.5281  1  .'K8JVVH0 

.58.7882     .58.9180 

fi.fl 

li9.MaZ 

f/»Aim 

f.^.  SLrtW 

ri'J.442H 

m.  571W     59.  7009 

59.8314     .59.9623 

60.09:i5     60.2244 

fi^tt  '  «).3Kirt 

IJO.  486ft 

mAMK\ 

fiO.  T4wy 

(■AL8MI4  ;  61.0129 

r>M4«5     61.2763 

61.4082     61.5101 

1 

ito 

WJIIJI 

1 

Tabui  4.— J9iKkar{«  owr  a  tktn-M^  weir  per ybot  ^erwrf—Oon^                1 

M. 

.00 

•01 

•Of 

•to 

.04 

•to 

•to 

M 

.08 

.68 

7.0 

0L6786 

01.8018 

01.9679 

62.0808 

02.2017 

02.8848 

62.4671 

62.0000 

OL7n9 

62.807 

7.1 

62.9006 

68.1810 

68.2680 

68.8892 

68.6017 

68.6068 

08.7801 

08.0027 

64.0660 

OISM 

7.2 

64.8848 

04.4685 

64.6017 

64.7889 

64.0711 

65.0066 

06wl268 

66.2380 

06.4080 

66.6111 

7.8 

66w0798 

06w8145 

66w9490 

60.0045 

61 2197 

618568 

61 4000 

68.0268 

00.7018 

66.mr 

7.4 

67.0886 

67.1094 

07.8068 

07.4415 

67.5977 

07.7189 

67.8604 

67.0080 

00.1285 

68.908 

7.6 

68.8969 

68.5887 

08.0706 

68.8090 

6&9447 

09.0818 

69.2704 

0918808 

00.0041 

68L<Bli 

7.6 

09.7800 

69.9070 

70lO449 

70.1027 

70.3209 

70.4601 

70.6098 

70.7080 

70.0787 

7L0» 

7.7 

71.1808 

71.2800 

7L4282 

71.6670 

71.7060 

71.0451 

71.9648 

72.1280 

78.2027 

71498 

7.8 

72.5414 

72.6800 

72.8208 

72.9600 

78.1002 

78.2400 

78.8802 

78.6201 

78LO80O 

718K 

'7.9 

78.0410 

74.0815 

74.229Q 

74.8826 

74.6001 

74.0180 

74.7048 

74.9280 

78^0888 

mioi 

8wO 

7&8482 

7&4B0O 

70.6820 

70.7785 

7&9160 

70.0660 

76.1907 

TObOiOO 

70.4884 

7168ii 

8wl 

78.7665 

70.9007 

77.0609 

77.1984 

77.8860 

77.4704 

77.6810 

77.7680 

77.0007 

716K 

8b2 

78.1924 

78.8860 

7a«08 

78.6220 

78.7665 

78.9007 

79.0682 

70.1967 

70.8886 

n.mM 

a.8 

79.0298 

79.  Tm 

79.9168 

80.0602 

80.2084 

80.8479 

80.4021 

00.0860 

80.7BU 

80.I8M 

8.4 

8L0705 

81.2164 

81.8602 

81.6054 

8L6800 

81.7965 

81.9406 

82.0868 

88.8814 

88.8NI 

8.8 

88.6224 

02.6682 

88.8141 

82.9600 

88.1060 

88.2517 

88.8079 

88.5440 

88.0808 

818M7 

8.6 

88.9888 

84.1290 

84.2768 

84.4228 

84.6607 

84.7165 

84.8684 

85.0100 

86.1030 

861INI 

8w7 

85.4621 

88l6006 

85.7472 

85.8947 

86.0465 

86.1807 

86.8890 

06.4854 

06.6888 

OlTStt 

8w8 

86.9297 

87.0778 

87.2264 

'87.8745 

87.6281 

87.0716 

87.8204 

07.9680 

88.1170 

8B.88K 

8w9 

88.4192 

8&8647 

88.7189 

88.8680 

89.0126 

89.1617 

80.8118 

89.4000 

80.0100 

80.7Mi 

9.0 

80.9100 

90L0609 

90.2064 

90L8809 

90.5101 

90L6602 

90.4778 

OOlOOOO 

0LU15 

OL9a8 

9.1 

91.4126 

91.6688 

91.7142 

9L8660 

92.0160 

92.1071 

92.8188 

92.4004 

010206 

8177n 

9.2 

92.9287 

98.0782 

98.2267 

98.8985 

98.6804 

98.6822 

98.88tt 

98.0068 

94.1804 

91901 

9.8 

94.4428 

94.6960 

94.7475 

94.9000 

95.0629 

95.2054 

95.8662 

95.5111 

95.6689 

96.8171 

9.4 

95.9703 

V6.1234 

96.2766 

96.4296 

96.5833 

96.7868 

96.8908 

97.0442 

97.1977 

97.8S16 

9.5 

97.5a57 

97.6606 

97.8138 

97.9679 

98.1021 

98.2763 

96.4S06 

96.6658 

96.7396 

96.8MJ 

9.6 

99.0492 

99.2040 

99.3589 

99.5141  '  99.6689 

99.8241 

99.9798 

100.1844 

100.2899 

100.4455 

9.7 

100.6010 

100.7565 

100. 9123 

101.0678  1101.2237 

101. 8799 

101.5857 

101.6919 

101.8481 

102.0042 

9.8 

102.1607 

102. 3169 

102.4734 

102.6299   102.7868 

102.9438 

103. 1001 

103.2570 

108.4141 

108.5710 

9.9 

103.7282 

103.8853 

104.0429 

104.2000  1X04.3576 

1(M.  5121 

104.6726 

104.8804 

104.9682 

105.14(1 

10.0 

105.3039 

105. 4618 

105. 6199 

105.7781    ^5.9363 

1 

106.0945 

106.2530 

106.4115 

106.5700 

106.7*5 

When  applied  to  a  weir  with  N^  end  contractions,  the  measured 
crest  length  Z'  should  be  reduced  by  the  formula 

When  applied  to  a  weir  having  appreciable  velocity  of  approach, 
the  measured  head  should  be  corrected  by  the  correction  formula  of 
Francis  (see  p.  15),  or  by  one  of  the  simpler  approximate  equivalents; 
or  the  correction  may  be  applied  as  a  percentage  to  the  discharge,  by 
the  use  of  Table  2. 

Table  3,  taken  from  Lowell  Hydraulic  Experiments,  by  James  B. 
Francis,  gives  the  di.scharge  for  heads  from  zero  to  3  feet,  advancing 
by  thousandths. 

Table  4  is  original  and  gives  the  discharge  for  heads  from  zero  to 
10.09  feet,  advancing  by  hundredths. 
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By  increasing  the  quantities  from  either  table  1  per  cent,  the  dls- 
harge  by  the  Cippoletti  formula  will  be  obtained, 

^=3.36$  Llli. 

In  calculating  discharge  by  this  formula,  the  head  should  be  cor- 
seted for  velocity  of  approach  by  the  formula 

•  II=D+1M. 

TABLES   5   AND   6.— THREE-HALVES  POWERS. 

These  tables  of  three-halves  powers  (cubes  of  the  square  roots)  were 
repared  by  the  writer  to  facilitate  the  calculation  of  discharge  over 
reirs  of  various  forms,  by  the  use  of  coefficients  taken  from  the 
iagrams  that  accompany  this  paper  and  the  base  formula 

Q=  CLIli 

Table  5, — Three-hahef^  ])owers  for  uumbers  0  to  1.49. 


Samben«. 

.000 

.001 

.002 

.008 

.004 

1 
.005 

.006 

.007 

.008 

! 

.000 

.010  1 

0.00 

0.0000 

0.0001 

0.0002 

0.0003 

0.0001 

0.0005 

0.0006 

0.0007  1 

0.0008 

0.0009 

0.0010 

.01 

.0010 

.00118 

.00136 

.OOIW 

.00172 

.00190 

.00208 

.00236' 

.00244 

.00262 

.0028 

.02 

.0028 

.00304 

.00328 

.00862 

.00876 

.00400 
.00660 

.00424 

.00448J 

.00472 

.00496 

.0062 

.03 

.0062 

.00048 

.00676 

.00604 

.00632 

.00688 

.00716 

.00744 

.00772 

.0080 

.04 

.0060 

.00832 

.00864 

.00896 

.00928 

.00960 

.00992 

.01024* 

.01056 

.01088 

.0112 

.Q!i 

.0112 

.01155 

.01190 

.01225 

.01260 

.01296| 

.01380 

.01366j 

.01400 

.01435 

.0147 

.06 

.0147 

.01608 

.01516 

.015^ 

.01622 

.01660; 

.01698 

.01736, 

.01774 

.01812 

.0185 

.07 

.0186 

.01891 

.01932 

.01973 

.02014 

.02065' 

.02096 

.021371 

.02178 

.02219 

.0226 

.08 

.0226 

.02804 

.02348 

.02392 

.02436 

.02480 

.02524 

.02668 

.02612 

.02056 

.0270 

.09 

.0270 

.02746 

.02792 

.02838 

.02884 

.02930 

.02976 

.03(^22 

.03068 

.03114 

.0316 

0.10 

0.0316 

0.08209 

0.08268 

0.03307 

0.08356 

0.03406 
.0890^ 

0.08454 

0.03503 

00355.2 

0.03601 

0.0306 

.11 

.0865 

.03701 

.08752 

.03803 

.08854 

.08956 

.04007; 

.04058 

.04109 

.0410 

.12 

.0416 

.04213 

.04266 

.04319 

-.01372 

.04425 

.M478 

.04531! 

.015W 

.01637 

.0409 

.13 

.0460 

.04745 

.04800 

.04856 

.04910 

.01965 

.05020 

.06075J 

.05130 

.05185 

.  0524 

.14 

.0624 

.06297 

.05354 

.06411 

.0.5468 

.a5525 

.05582 

.05639| 

.05090 

.  05753 

.0581 

.lo 

.0581 

.06869 

.05928 

.05987 

.06010 

.0(il05 

.00101 

.00'223 

.00282 

.00341]  .0040 

.10 

.0640 

.06461 

.06522 

.06583 

.06&14 

.007a5 

.00700 

.00827' 

.00888 

.0«-.W9,  .0701 

.17 

.0701 

.07073 

.07136 

.07199 

.07202 

.07325 

.07388 

.07451' 

.  07514 

.07577  .0701 

.IH 

.07W 

.07704 

.07768 

.07832 

.07890 

.07900 

.08024 

.080881 

.08152 

.08210  .0828 

.19 

.0828 

.06346 

.08412 

.08478 

.085-14 

.08010 

.08070 

. 08742i 

.08808 

.08871  .0894 

0.20 

0.0894 

0.09008 

0.09076 

0.09144 

0. 09212 

0.09280 

0.09348 

0.09416 

0.09484 

009552'.0. 01H)2 

.21 

.0962 

.09690 

.09760 

.09830 

.09900 

.09970 

.10040 

.10110 

.1018 

.  102')  1  .  io;v2 

•  •22 

.1032 

.10391 

.  10402 

.10533 

.10004 

.10075 

. 10740 

.10817 

.10888 

.109.59,  .1103 

.'23 

.1108 

.11103 

. 11170 

. 11249 

.113'22 

,  .11395 

.11468 

.11541 

.11014 

.ll(i87  .1170 

.24 

.1176 

.11834 

.11908 

.11982 

^  .12.506 

. 12130 

.  1-2204 

.  12278 

.  123.52 

.12420  .1250 

.25 

.1260 

.12570 

.12052 

. 12728 

.12804 

'  . 12880 

.  129,V 

.13032| 

. 13108 

.131S4'  .1320 

.26 

.1326 

.13337 

.  13  U4 

. 13491 

.  l.V)08 

.i:U>-J5 

. 13722 

.13799, 

.13870 

.13953^  .1403 

.27 

.1403 

.14109 

.14188 

. 14267 

.14340 

.14425 

.  14.501 

.14583 

.14062 

.14741  .1482 

.28 

.1482 

.1490 

.1498 

.1500 

.1514 

.  15'22 

15:^0 

1  .1538 

.1540 

.  l.Vvl  .  1502 

\   .29 

1 

.1662 

.16701 

. 15782 

.1586:^ 

1 

.15914 

.  1002^5 

. 10106 

. 10187 

.10208 

.10341>  .ir>4:i 

,7kI 
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XumTiCpt. 

oltii*  aTiwft 

o,Ti«a> 

.4MH 

0.  72UU0 

0.72225 

.DOtt 

,0<M 

.(MM 

0.7i630 

.Olf» 

0,7'J7«5 

.010 

0.7290 

a.  HO 

0.72860 

0,  72496 

,»i 

.7390 
.7436 

.730Sa 

.7317 

.7330&I     .73440 

.73S75 

.73710 

,73S« 

.73980 

.74115 

.7426 

.nt 

.74387 

.74fi24 

,74«C1      .74798 

.74M.'» 

.7ft072 

,75200 

',7.^346 

.7W^ 

.7662 

.m 

.7S«2 

.  757-V7 

.7ri»*94 

.  7B031      ,  7fllB» 

.76306 

.7tH43 

.76679" 

.  7ff716 

.76853 

.7699 

.u 

.7«»9 

.77iaf* 

.7Ti66 

.  774C4     ,  7754:* 

.77680 

,77818 

.77956 

.780M 

.78232 

.7837 

,Ha 

.78s: 

.wm 

.7^*^ 

.7H7H4     ,7S922 

,79060 

.99198 

.79SS& 

.7^74 

.79612 

.7976 

,8a 

.?J7^ 

.7S«90 

.aooao 

,mi70     .8031 

.HOi-V 

.mm 

.fl073 

.8087 

.8101 

.8116 

.n 

.8Uft 

.8129 

,H143 

.8157       .8171 

.8im 

.81W» 

.K>13 

.8227 

.8241 

,  8255 

.m 

.825fi 

.H2691 

.Hi882 

.8J973 

.83114 

.83256 

,33306 

.8.3637 

.83678 

,83ltl9 

.m» 

.m 

.8396 

.mioa 

.MIH 

.iM386 

.84fiQ8 

.84670 

.84812 

,81904 

.85096 

,8S2^ 

.8,'iaH 

o,so 

a8K» 

o.ft-vsaa 

O.Kfi66tj 

o,efie»& 

0.S59R! 

O.S«J9S 

(},HSZ3» 

0,86381 

0.86524 

0.86fi67 

o.8rM 

.w 

.8681 

.8e«i3 

.K709fi 

,WT2»+ 

,mm 

.8752:^ 

.K7«m 

,87«11 

,8T9&4 

,8«097'  ,  83-24 

.92 

.«S24 

,883ft.-» 

,H«&3 

.Wtft7:'i     .Wfi'tSO 

,HH96,'i 

miw 

.89266 

,8940 

.V^Mh  .jm\t 

.gs 

.mit)9 

.i(9K3.'. 

.S99H0 

.9012.^     ,eO'<f70 

,9041.^ 

,9066 

.OOTO.'-i 

,9085 

.80991V   .PIU 

,94 

,91H 

.912S.1 

.9143 

,9l^7fi|     .91720 

.918<ifi 

.92010 

,921?J6 

,^230 

,9(2445   .gti-JO 

.95 

,9259 

.arm 

.928HI 

.yaOHl      .93178 

.SSSi-^i 

.93472 

.y!!|619 

.937116 

.H3913'  .9406 

.96 

.9*0« 

.lHa07 

,»13&4 

.i«.Wl      .W(t48 

.9479.S 

,1M!M:J 

.•MM»9 

,95236 

.yLl383   ,95fia 

.W 

.9553 

.96079 

.9W2S 

.ft!i9n 

.961145 

,9mh 

,  9f.424 

.He573 

.96722 

.9ftK7l|  ,970^1 

.9a 

.971K 

.9n68 

.97^16 

,97464 

.97612 

*9fn^ 

,97908 

.98056 

.9Ka>i 

,983-12^  .9860 

.90 

,9860 

.mi* 

.98»0 

.9^ 

.9910 

.9926 

,9940 

.9955 

.9970 

.998S    I.OOOP 

1.00 

LOGUO 

IDOIA 

I.OKIO 

L0O45 

Looao 

1.007N 

1,0090 

1,010.-* 

1.0120 

1.0135   1.0150 

1.01 

L01*0 

1.016&2 

i.oiaix 

1.0I9W 

1,021W 

1.0-2260 

1.02412 

1,Q2.%4 

J.  02716 

1. 02868!  Loaoa 

\.fxt 

L08O2 

1.08171 

1.03322 

1.03473 

1.03624 

1.0877ft 

1,039',^ 

1.04077 

1.01282 

1.043791,0153 

I.  OS 

L0<S3 

UM683 

i.maafl 

L0ffl89 

1.05142 

1,05295 

I,0544i^ 

L 06601 

1.0.^7.=i4 

1,059071.0606 

1.01 

i.oeofi 

1.06213 

1.0<^3@6 

1.06619 

1.00672 

1,06«2fi 

l,t«!»78 

1.  IT7131 

hifmi 

l.Cr7437'[,07W 

1.0!* 

1.0759 

J.Dn44 

Lflf7^ 

i,oeo&a 

LOft-^OS 

L08360 

L 08514 

1,0«fieft 

1.08822 

1.089761.0913 

MM 

I.091S 

1,09-2^^ 

i,im4o 

l,09&«i 

I  097.W 

1.09905 

1,10060 

1.10216 

1.10170 

L10S©'l,10(S8 

1.07 

LlOfi^ 

L1083A 

L  10992 

1.11148   1. 113C4 

1.11460 

i.mie 

1.11772 

1, 119-28 

1.1-2084.1.1224  j 

t.Oi 

-Lvm 

1.12396 

L.  ]*i&a2 

1.12708   1.  r2*M 

1.13O20 

1. 13176 

1.133K2 

1.KM8K 

L13ft44M380 

1.00 

1.1380 

1.139&7 

1. 14114 

1. 14371    1, 144a« 

l,145ftf> 

1. 147« 

l.HHfl9 

t.  l.506fl 

1.1.^21«,t,lft37 

1.10 

Liar? 

i.i6aa» 

Ll&i;60 

Ll,'>M4i  1, 16002 

1. 16160 

1, 16318 

1.16476 

L  16634 

1.  ifi7^2 1,  mm 

Lll 

1.1696 

umoft 

1.172^ 

1.17424    M7682 

L 17740 

1,178^ 

IISOM 

1.18214 

lAKVi-lllKiH  \ 

1.12 

1.106S 

i.i8G»e 

1.1884^ 

1.19007   1.19166 

1.19^^:85 

1.19484 

1. 19643 

1. 19W2 

1,199611,2012 

1.13 

1.2015! 

1.20K» 

1.20410 

1.2U600    t.2ff7eO 

i,:«)9ao 

1,21080 

1.21340 
1.22840 

1.21400 

L  2irH',<U,  2172  , 

l.U 

I.ai72 

i.zi«ao 

1.22040 

1.22200   t. 22360 
1,23803    1.2396K 

1. 225^1 

i,Ka«o 

1.23000 

1.2Hl60Liirt2 

1.15 

1,Z3XZ 

1.2WS2 

t.2afi44 

1.24180 

t.  245592 

1,244&4 

L24en6 

1.21778  1,2494 

l,tft 

L241M 

L  aw  02 

I,2fi2e4 

\.'I!^^^  i/^m 

i.aft-M 

1,  26912 

1.2t!071 

l.2tf2:!6 

L  2tJ398'l,  a&'Wl 

1.17 

1.2666 

L  ^672:; 

1,26884 

1.27046   XrZ^m 

1,27370 

I.  2753a 

1.27IJIW 

l,278Ml 

l,2Hfll8l.28l8 

1.U 

l.Z»tK 

i.2isa4;t 

t.2Hft06 

irmm  I,  "21*832 

l.2WI9.'i 

1.291."* 

l,2iW21 

1.  inMNl 

l.2yH71.23Hi 

1.19 

1.2981 

x.-miA 

1.30ia« 

L  303£K* 

L3tM66 

1.:j0630 

1,307^ 

1.3096H 

i.auaa 

l,3r28fll.314fi  j 

1.^ 

1.3145 

hSlGia 

1,31780 

1  3m.^ 

I.  32110 

1,3227ft 

1.3J440 

1.3^260^ 

l.:^-2770 

I,  :?293fi  L  S.m 

1.21 

1.3310 

t.332t»'i 

1.33^130 

Laas^-i 

1,337(tO 

1,a39'i.=i 

LSIWMJ 

l,3l'2.'i.'i 

I.  344211 

i.:44:i.<6i,;H7r» 

L2J 

l.S47ft 

1.349I(i 

l.i'ios:; 

1,  %'ti^ 

I  :VM11 

L3^W0 

I.  3.'.74i; 

l,^l.¥J12 

1,  :K!tffH 

l.L|6-244l,:itWl   1 

\^n 

1.3&41 

i,;m577 

i,afi7J4 

l,3fi911 

I,  37117H 

l.i^MS 

I  :mi2 

i.:i7r^7y 

I.  37746 

LU79i:iL:^«08 

J.U 

L3^ 

hmi\- 

l.3^H 

l.3K.^l 

L;iS748 

Lmi^ 

I.  3'J(^2 

L;ii*'i4y 

l.:mi8 

i.;f9,v<;n.397r*  1 

i.» 

LSST^i 

1.39919 

L4008J* 

l,4<J2.i7 

1. 4iri2t; 

L.405ft-p 

I,  407IV4 

i.4oy:i3 

1,41102 

1.412711,4144 

i.» 

1.4144 

1.4lfiOK 

L4l77r» 

t4lW4 

1.42112 

l^LIJH)) 

I.  42448 

1,426UJ 

1.  427Ki 

1.4L^'il,43l2 

\jn 

1,1312 

\A^^ 

l.t^Ufi 

1.4363 

i.4:iw 

I.  4397 

1,44L4 

L44ai 

1.4448 

1.446,^^    1.4482 

1.2» 

1.44l@ 

1,4499 

1.  \hm 

\,^s^\ 

I  4.Vi(V 

L4.^n;7 

1.4.'^H« 

1.44101 

1.4018 

l.^Oi'i  |LJ6-Vi  . 

L39 

1.46fi2 

1.46fi9 

1.46>s6 

1,  470Ci 

L4720 

l,4rj7 

L47M 

1.4771 

1.47.'^ 

l.lHft'V 

1.4H22  ' 

Table  ft. — Three-hahea  powenfor  numben  0  to  i.49— Ckmtiniied. 


Kumberi. 

.000 

.001 

•OM 

.OM 

.004 

.005 

.008 

.007 

•000 

.000 

.919 

1.80 

1.4822 

1.48898 

1.48864 

L48786 

1.46906 

1.49060 

1.40268 

1.40484 

1.40608 

1.49768L4m 

1.81 

1.4904 

L50m 

1.5088ft 

L60^ 

1.50028 

L5oeoo 

1.50972 

L6U44 

1.5m6 

1.61488! 

i.m\ 

1.82 

1.5168 

1.51882 

1.68004 

1.681f6 

1.68848 

1.68C80 

1.68002 

1.68864 

L68006 

189806  l.Se| 

1.88 

1.5888 

Lfi8554 

1.68728 

1.5896B 

1.54076 

1.54860 

1.54484 

1.54696 

1.M772 

1.54946 

\.fm 

1.84 

1.5512 

1.56894 

L55468 

1.56643 

1.65616 

1.66999 

1.66164 

1.66888 

L56S12 

1.66686 

Lsoes 

1.86 

1.5686 

LfiMsd 

1.57908 

1.69888 

1.57566 

1.57780 

1.57904 

1.68078 

1.68SS8 

1.60426 

1.8M0 

1.88 

1.5800 

1.66775 

1.56960 

1.69126 

1.59800 

1.50476 

1.69600 

L60685 

1.6Q000|i.6Q175|lO»| 

1.87 

1.6085 

1.IIP688 

1.60702 

1.60678 

1:61054 

1.61280 

1.61406  L61668|  L«1768|  1.61984|l.0m| 

1,88 

1.0211 

1.02287 

1.62464 

1.626a 

1.62818 

1.68996 

1.68172 

1.68840 

1. 08508 

1.68708L4M 

1.89 

1.6888 

1.64057 

1.64884 

1.644U 

1.64668 

L64766 

1.64942 

1.65119 

L68886 

1. 65478  LCSft 

1.40 

L6666 

1.66828 

1.66006 

1.66184 

1.668tt 

1.66540 

1.66718 

1.66896  LO7O75|i.«7308|l67« 

1.41 

1.6748 

1.67608 

1.67786 

1.67964 

L68148 

1.68880 

1.68«8 

1.68678 

1.68864  LOOnLOn 

1.42 

1.6981 

169889 

1.69668 

1.69747 

1.O9086 

1.70106 

1.70284 

1.704A 

1.70048  1.70821L7100 

1.48 

1.7100 

1.7118 

1.7186 

1.7154 

1.7172 

1.7190 

1.7208 

1.7286 

1.7844 

L7262 

1.7» 

1.44 

1.7280 

1.7296 

1.7816 

1.7884 

1.7852 

1.7870 

1.7888 

1.7406 

1.7424 

1.7442 

L740 

1.45 

1.7480 

1.74m 

1.74968 

1.75148 

.1.75884 

1.75605 

1.76686 

1.76867 

1.78048 

1.702a  L76«l 

1.48 

1.7»fl 

1.78698 

1.76774 

1.76966 

1.77188 

1.77820 

1.77602 

1.77084 

1.77866 

L78048L782I 

l;47 

1.7828 

1.78112 

1.78604 

1.78776 

1.78958 

1.79140 

1.79822 

1.79604 

L79686 

1.79668La06 

L48 

1.8000 

1.80288 

1.80416 

1.80009 

1.80782 

1.80965 

1.8U48 

1.81614 

1.81697  Lffl« 

1.48 

1.8188 

Tablb  S.'^Three-halvea  powers  for  numbenfrom  0  to  IB. 


K 


"^x 


0.(W 

.OS 
.06 

An 

.09 
0. 10 

,n 

,13 
14 
.15 
.16 
,!7 
.11 
.!» 


.(«10!LOlSO,a.ft«7k3i22 


t  i  f 


,O0a8L€a022L»71O 

.aoi^|i,04As:i.s93H 

<(Nmi.{MiU6;:.9l»7 
.l)N7l.t»lS,2.&5fi7 


"r 


5. 3482 
fi.  2743 
r>.30[M 

b.^m 


.02251. 


10(j«2.Jmcilfl.3791 

13W)a,0Sfla[fj.4317 

l637ko43a|i>.4Wl 
lG95|3,0liMt.^.484& 
lR533,OH(w|5.SllO 

2171,3,  lBUfij6.fitHl 
.(H5*l' 1.2332,3. 1."t2d5.59a7 
.  0640  1 .  249413. 174f^  5. 61 TA 
.07Ol|L26&6|3.ie6O5,W4O 

.  OTML  asis;3. 2ii*7.a  fl7w 

.  0)%»il.  2S81'B.  24m\h.  m7Ji 


;0.U316|L 

'  .CHlGjl. 

.046»1. 

'  .0624;!. 


^.caoa 


iLum 


M.D601 


1L2475 

s.oyo2ii.2sii 

H.1203,11.3l4«il4. 


7337 
770^ 


ia5eoo'32.e69o|27. 

1». 


10 


ft442l!^. 


SW7I22,  712327. 
6394W7(M827. 


S.1S07 
8.2412 


11.3485 
n.3J*22 


n.  J4tf7 
LI.  1836 


a,  3019  11. 5174 


16.0650  1  a 
8.3323'll.^l3;i5.10SO'lS. 


U.«810|18. 

U.0l79m. 


1].4t(J0|]4.9ifVt» 
9019 
02H9 


«792 
7IW 


045031. 6702 

0flO0'3L71T7| 
13&1 -SL  7652 
1»02JS1.»127 
22. 899927, 22.WSl.a602 


22.797E 


27/ 


22.8825 
22.92M 


J* 


27,270(131.9078 
27.8]<%pi^9564 


IH.  8387 122.  9677 

la.  »T^'2S.  0103137. 44160I32. 0506 


».  3f>27 '  1 1 ,  ms2\  1 5, 1  i€o!i  n.  ^m^'il-iA.  imi 


J.. 


^imiA.  0630^.  4512;32.  OWS; 


[*.  39821  n .  6192!l^  1772 1 »,  0386  23. 11^121 


.u 


49^^^12.1 4aO 


!l.4237'lt65»2j 
*.4.5-t2|D.6872i 


:i: 


15.  2143  19,  07H6J23. 
W.  2515 19. 1187  2a. 
K.1M8in.72l3;i5.2Se7|l9. 


..L 


lfl«9j23. 

8.  .^l,>t;il.  76WJ15.3360'19. 3990.23. 

2392|2S. 


8.  &4flO  11.  7895^ 

».h7isci  III.  Earn 


J^, 


15.3632:19, 

m  4005;  19. 275^  23, 


541S32:.tflS7, 
riS7ia2.2ll-* 
a324a2.2K92| 

dTTsiaa.  S37o| 
723282.3^^1 

3li25|n^7686;S£.4326; 

»9&l  27. 9140  3:14804: 

4a**3  2" 


224027. 


tW.' 


ft-'ia5i8^&ai3 


81&3M 
33.S824 

3a.TSlft 

3(1.  sai: 
36.  mn 

3C9315 
3«.9A15  I 

ST.ceis  I 

|»7. 01*15 
37.1315  < 

^.imfi 

ST,  aiT 
37.2817 
37.331» 
37.»2ff 
S7.«tiS 
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Tablr  6. — Three-halves  powers  for  numbera  from  0  to  1^ — Continued. 


I 


0.30 
.21 
.22 
.23 
.24 
.25 
.•2li 
.27 
.2H 
.29 

0.30 
.31 
.32 
.33 
.34 
.35 
.36 
.37 
.38 


0.40 
.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 

0.60 
.51 
.52 
.53 
.54 
.55 
.56 
.57 
.58 
.59 

0.60 
.61 
.62 
.63 
.64 
.65 
.66 
.67 
.68 


0. 0894 1. 3145  3. 2fi3l!5.  ?248l 
.09621.: 
.10321.; 

.iiosji.; 
.11761.; 

.12501.; 


331018. 28&4|5. 7512. 

34753.3077i5.778l' 
.3641 3. 830115. 8O60I 
.3808 


3.3525j5.8820 
.3975j3. 8760.5. 8690. 
.13261.4144  3.3975^5.8861 
.  1403  1. 431213. 4201  5. 9132 
.  14821. 4482|3. 4427  5. 94031 
.  1562,1. 4652  3. 4654  5. 9675' 


I 
6074jll. 

6382111. 

669011. 

6996'll. 

7307,11. 

7616 12. 

7925112. 

8235  12. 

8645I12. 1326  15. 

8856 12. 1670 


.857815. 

.892016. 

.926315. 

.960616. 

.994915. 

!.  0293  15. 

L0636 

L0981 


4379 
4752 
5126 
6501 
5866 
6250 


661619. 
7001  19. 
7376 


15. 7752 


1 
0. 1643 1. 
.17261 
.  IHlo'l. 
.1K961. 
.19831 
.2071  1. 
.21601. 
.22511 
.•23421 
.24361. 


I 
0. -25301. 

.26251 

.27221. 

.28201, 

.2919.1. 

.3019|l. 

.31201. 
I  .3222'l, 
I  .3325,1. 

.34301. 


48223.48815.9947 
4994  3.51096.0220 
5166'3.5337  6.0493 
5338;8. 55666. 0767 
5612'3.57956.1(M1 
568613. 6025  6. 1315 
5860|3.6255'6.1590 
60353.648616.1865 
62118. 6717  6. 2141 
638813. 694916. 2417 


656613. 718l|6. 2693 
67433.74136.2970 


it 


6921^3.76466.3247 


710018. 7880|6. 3526 
72808.8114|6.8803 
7460*3. 834916. 4081 


8.9167,12.201615 

8. 


)/,i, 


,947812.236115. 

979012.270615. 

010212.305316. 

041412. 3399I15. 

0?26  12. 3746 16. 
,  104012. 4098|l6. 


8129 
8505 
8882 
9260 
9637 
0015 


135312.444016.0772 
I667I12. 4788 16. 1150 


(61 


9. 198lil2. 5136|16. 1529  20. 0894|24. 3021 
1302124.3455 


229612.5485,16. 
261012. 5833|16.: 
292512.618216.5 


3599 
4002 
44a5 
4808 
6212 
5576 
6021 
6426 
6830 


23.524227.9614 


19.319623.481227.9060 

19. 

19. 

19. 

19. 

19. 


10 


32.5762 
32.6241 


23. 6672  27. 9960  32. 6?20 
23. 6102  28. 0416  32.  ?200| 
•23. 6533128. 0872132. 7680! 
23.6963.-28.132832.8160J 
'23.7394'28.17w!82.8640 
23. 78-25|'28. 2241 132. 9121 
•23.825728.2698132.9600 
•23. 8689128. 3155'33. 0083 


19. 7235|23. 9121 128. 3612  33. 0564 
19. 1M\  23. 9553  '28. 4069'33. 1046 
19.  H046'23. 99fi6'*28. 4527  33. 1! 
19. 8452^24. 0418|'i8. 4985  33. 2009 
19. 8858  -24. 0851  '28. 5444'33. 2492 
19. 9265  24. 1285  28. 5902  33. 2974 
19. 9672  24. 1718  28. 6361 '33. 3457 
20. 0079124. 2152[28. 6820|33. 3940 
20. 0486  24. 2586  28. 727933. 4423 


U|« 


28.7739'33.4906 


.190920. 
;.  2288  20. 
i.  2668 -20. 
9. 3241|12. 653216. 3048120. 
;.  3429  20. 


H|i 


7641 
7823 
8005 


3.8684'6.4360 
3.88196.4639 
3. 90556. 4919 


I 


81883.9-292,6.5199 


0.35361.8371 

.36421. 
I  .37601. 


.4079 
.4191 
.4303 
.4417 
.45322. 


3.9529^6. 
85663.97666. 
87404.0004  6. 
89254.0242  6. 
9111|4.048l'6. 
92974.0720  6. 
94fr|l4.09606. 
9672i4. 1200J6. 
9860  4.14416. 
0049;4. 1682'6. 


>.3557;l2. 688216. 
>.  3873 12. 7232,16. 
>.  4189' 1-2, 7582,16. 
L  4606'.  12. 7933,16. 
>.  4824' 12. 828416. 


28. 819933. 6390 
1710  24. 3890  28. 8659|33. 6874 
2II8124. 4325  28. 9119  33. 6368J 
2&27|24. 4761  {28. 9579  33. 68421 
•2936'24. 5196  29. 004o'33. 7327. 


3810,-20. 3345,24. 563229. 0501,33. 7811 
4191  '20. 3756  -24. 6068'29. 0%2  33. 8297 


9. 
9. 
9.5141,12.8635^16. 


..I., 


6479 
5760 
6OI1I 
63'23i 
6605 
6887j 
7170 
7453 
7737 
8021 


0. 4648  2. 0238,4. 192416.  ><305 


.4764j2.0429|4. 
.4882:2.0619,4. 


2106  6.8590,  9. 
2408  6. 8875  9. 


.  600012. 0810  4. 2661 ,6. 91 61 
.  2895  6. 9447, 


«L 


.5120j2.1002  4. 
.52402.11964. 
.5862-2. 13884. 


3139  ti.  973;i  10. 
•33M:J7.002o'iO. 


.  54*4 12. 1581 14.  3*32h  7. 0:W7  10. 
.  6607  2. 1776  4. 387 J  7.  ()L',y.-,  JO. 


5459|12, 
5778 12. 
6097,12. 
6416  13. 
6735  13. 
70^5  13. 
737513. 
7695  13. 
801613. 
8;«7  13. 

865913. 
898113. 
9303,13. 
9626  13. 
9949  13. 
0272  13. 
0596Jl3. 
09-2013. 


46?220. 
4954  20. 
5336  20. 4985-24. 7378 '29.  '2347  33. 9753' 


.57822.19704. 


124413. 


898616. 
933816. 
9691 16. 
004316. 
039(>  16. 
0749  16. 
11U316. 
1457  16. 
1811  16. 
2165  l(i. 

2520  16. 
2875' 16. 
3231  17. 
3587  17. 
3'.M317. 
429917. 
4656  17. 
5013,17. 
5370  17. 
57-28  17. 


5718 
6101 
6484 


4165''24. 6505  29. 1424  33. 8782, 
4576  ;24. 6941,29. 188533. 9-267 


I 


I 


•20. 5396  •24.  7815-29.  -2810  34. 0239, 

•20. 

'20. 

[20. 


1. 5807  24.  K253  '29.  :W72  31. 07'25' 
1. 6218-24. 8691  29. 3735  34. 1211' 
L  66;J0  '24.  9129  29. 419«  34. 1698 


7'250'20. 

7(>34'20.  7453  25. 0005  '29.  5124  :;4.  2672 

8018|'20.  7866  25. 0444  '29. 5588  'M.  3159 

8402  '20. 8'278''25. 0883  29. 6052  3i.  3647 

I  I  '  I 

M787;20. 

9172i'2t). 


.  7041  '24. 95(>7  29. 4<.61  ?A.  218.> 


1. 8691  '25. 13'22  '29. 6510  iM.  4i:.in 
1. 9104  -25. 1702''29. 6980  34.  40'23 


9.w7''20. 

9943j'20. 

0328-21 

0714 

1101 

1488 

1874 '21. 

2172  21. 

•2649i'2\. 

3037' 


I 


9518  -r).  '2202  29. 7445  :J4. 51 11 

9931*25. 2642  29.  7910  34. 5599 

0345  25.  "3082  29. 8;J75  34. 6088 

21. 07591'25. 35*22  '29. 8^41  34. 6577 

•2L 1174-25. 39(>3;29. 930t)  31. 7066 

21. 1589  -25. 4404-29. 9772'34. 7557 

'2004]25. 4*15l30. 0238|31 8045 

'2419  25. 5*287  30. 0704'34, 8535 


;7l*2i, 


39. 5082 
39. 5593 
39. 0104 
39.0615 
39.  71-27 
39.  7039 
39. HI 51 

3250  'i5. 6n\W.\^^.«A^  -i^.^JRaf* 


11 


37. 48*24 
37.  r<fc,>6 
37.68-28 
37.6331 
37.6833 
37.7336 
37. 7840 
37.8343 
87.8847 
37.9351 

37.9865 
38.0359 
38.0864 
38.1369 
:«.  1874 
38.-2379 
38.2884 
38.3390 
38.3896 
38.4402 

38.4908 
38.5415 
38.5922 
38.6429 
38.6936 
38.7443 
38.7961 
38.8459 
38.8967 
38.9475 

38.9984 
39. 0493 
39. 1002 
39. 1511 
39.  '20'20 
39.  2530 
39.  :U)4() 
39.  ^i.^'iO 
39. 4060 
39.  4.S71 


I 


H 


\ 


\ 


1^       WXm  XXPiBBIMJSKTS,  OaSFFIOXSlTTS,  A9II  KOUAliUS. 
Tablb  6. — T^mee-Aoltvs  powenfw  iwimhen  0  to  i.49— Ckmtiniied. 


Numben. 

.000 

.001 

•OOf 

.^ 

.004 

.006 

.008 

.007 

.Mt 

.000 

.11* 

L80 

1.4822 

1.48898 

1.48884 

1,48788 

1.48808 

L48080 

1.48262 

L40I9« 

-umm 

1.4978BL4m 

1.81 

1.4994 

1. 60112 

1.60284 

1.604M 

1.60828 

1.60800 

1.S0972 

L6U44 

1.6m8|l.51489il.6US{ 

1.82 

1.6168 

1.61882 

1.8O0O4 

1.681f8 

1.68848 

1.68680 

L68692 

1.60884  L88QO6|l.68206|LSe| 

1.88 

1.6888 

1.68664 

1.88728 

1.689*2 

1.64078 

1.64260 

1.64424 

L646O0 

1.54772}  1.64046|l.S512| 

1.84 

1.6612 

1.66894 

1.66488 

1.66842 

1.66618 

1.66090 

1.68164 

1.68888 

1.58S12 

1.68681 

i.m\ 

1.86 

1.6886 

1.690H 

1.8720^ 

1.67882 

1.6766A 

1.67780 

1.67904 

1.68078 

1.68868 

1.68426|L8M0| 

1.88 

L6680 

1.68776 

1.6886(J 

1.60126 

1.69800 

L60476 

1.69860 

1.60886 

1.80000  1.80178  L0» 

1.87 

1.8086 

Lflpeoo 

1.80702 

1.80678 

1.81064 

L81280 

1.81408 

L81682 

L81766  1.81984L4m 

1.88 

1.82U 

L82287 

1.82484 

1.826a 

1.82818 

1.82996 

L88172 

1.88849 

L88886 

LOnOHLeM 

1.88 

1.8888 

1.84067 

1.84284 

1.84411 

1.84688 

L64786 

1.64042 

1.86119 

L86Gttd  L85478|l.C5ft 

1.40 

1.8686 

1.68828 

1.88008 

1.88184 

1.68888 

1.88640 

1.08718 

1.66898 

L89076 

l.e7298L67« 

L41 

1.87tt 

L87808 

1.87788 

1.87984 

1.88142 

1.88820 

1.68«8 

1.88876 

1.88864 

L6008IL4Bi 

1.42 

1.8981 

L89889 

L8B688 

1.89747 

1.60926 

1.70106 

L702B4 

1.70488 

1.70849 

L708ZlL7in 

i.a 

1.7100 

1.7118 

L7188 

1.7164 

1.7172 

1.7190 

1.7208 

1.^7826 

1.7844 

L7802 

tm 

1.44 

1.7280 

1.7296 

L7818 

1.7884 

1.7852 

1.7870 

1.7888 

1.7408 

1.7424 

1.7442 

urn 

1.45 

1.7480 

1.74781 

1.74982 

1.76148 

.1.75824 

1.76606 

1.76686 

1.76887 

L78048 

1.70221  LTM 

1.48 

1.78^ 

1.76682 

1.78774 

1.76066 

1.77188 

1.77820 

1.77602 

1.77884 

1.77886 

L78048 1.783 

1.47 

1.7828 

1.78412 

1.78604 

1.78776 

1.78056 

1.79140 

1.79622 

1.70604 

L79888 

1.798681.006 

L48 

1.8006 

1.80288 

1.80418 

1.80609 

1.80782 

1.80986 

1.8U48 

1.81881 

1.81614 

1.81897  La» 

1.49 

1.8188 

Tablb  6. — Three-tuUves  powers  for  numbenfrom  0  to  IB, 


^ 


a.  1962 
5.2222 


S. 


0000|ZS«4 
OlW2.MHf7 
OS02  2,87105.2482 

0HO6  2.yi.17 
07692.9352 
0913,2.  9^7  ti.  S-V^ 
lOGa2.in»2ft.379I 
1224  2.  9W^'5,  4UM 
l»803.02l5[5,4a]T 

ie9&a.Oiiiii5.4*t& 

Wa,  152515.5907 
24m!9.  17*5^8173 
2G5A'3.)giac'5.6440 
2SlB'3.21K7^fl70« 


K.OOOl 
8.1506 

Kxrni 

H.2il2 


11. 21^14.  73}{71»(.  5tiO[)W.  fie9g»27. 04,10^  6TUa! 


,.L 


:i: 


11. 2175  14. 7705i*i.  590722. 7123 

ii.aftiiki 


n.»14?«;)'I.N'l21K 


.'., 


:i: 


I 


fi792;a2.7»73 
1. 3485]  1 1 .  miOl  1 S.  719022. 83*9  W. 
BlTfl'lH,  ib^^n 


11.4100 
n-  44tl7 


a  2715,11. 4d»G 

H.aoif^iLAm 


to    I      n 


37.  ( 


0«fiO»1.7177 
6^94:22. 75IS^27. 13Sm*  lf&l\ 


36, 5£^ 
915834 
3&6323 


n.  \WZ 


ai.«l57 


954U 


7m^ 

83tJ7 


225S^L««aj 

270531.  Btns 

II251J2T.  8150^1. 9554 

5606|38.0O30 

:^.oioafzT.4Qaobz.(i606 


22.9677 


as:^23'lh5eii 

wjW27|lLftH52tta, 

K^(9H2jU.A]%£!l^ 


«i4miL?ii3ifi,t 

a6l54!lL7%5l;,l5.S 


1400 

1772 

a423Tlll.6532|l5.2US 

a4542|lL6W?^15,2.^1ii 

32QC^ 
^.&lti(}!ll.7B95'l&.3G32 


IK  91^iS.  OB8O127. 4512  3X  09«»: 


96«5|23.  09^7  27. 431^23^  14<^ 
Ml^  32, 1937 


99^|2U.  1^{84j27. 
2240;27. 


a57a7lLS2S5^5-40l>fil9, 


e'2;^ 

im'aa. 

]a89'23, 

191M23. 
23»2|23. 
271M2H. 


:*71 
n324 


266ft:27. 
3093,27, 

S5a5j2l7. 
jn&427. 
43^27. 


^.  2414 
a2.2H92 

7:S{2 132.3^1^ 

814a^4ii04 
S5IK)!l!2.^^2Sai 


3a«ai7 

3fi.Sil6 

3fi.Wl& 
37.U315 
37.  m\h 

37,  m^ 
a7.iwfi 

31 ISIT 
37.  JJlT 
37.331* 

S7.«12^ 
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Table  6. — Three-halves  powers  for  numfters  from  0  to  IS — Continued. 


'^. 


0.30 
.21 
.22 
.23 
.24 
.•25 
.26 
.27 
.2H 
.29 

0.30 
.31 
.32 
.:« 
.34 
.35 
.36 
.37 
.3H 


0.40 
.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 

0.60 
.51 
.52 
.53 
.54 
.55 
.56 
.57 
.58 
.59 

0.60 
.61 
.62 
.63 

.64 
.65 
.66 
.67 
.68 


O.OMMl. 

.09621. 

.  1082 1. 

.1103'l.3641 

.117611. 

.  1250 1. 

.13261 

.  1403|l 

.14«21. 
.  .  1562'l 


3145.3. 2631*5. 724S| 
33103.2854|5.7512 
.%758.3077  5.778l' 
3.33015.8060{ 
38063.3525'5.8820 
..:«763.3750|5.8590j 
4144,3.3975:6.8861 
43123.420ll5.9132 


.4482 


3.442715.9403: 


0. 1643 1. 
.  l?2»n. 
.18101. 
.1H961. 
.  1983  1. 
.20711. 
.21601. 
.22511. 
.23421. 
.  2436 1. 


46523.46545.9675 

48223.48815.9947 
4994  3. 51096. 0220 
5166  3.5337  6.0493 
53383.55666.0767 
5612-3. 5795  6. 1041 
5686'3. 6025,6. 1315 
5860,3.62556.1590 
60353.64866.1865 


8.60?4|ll. 
8.6382!ll. 
8. 6690  n. 
8. 6998' 11. 
8.730711. 
8.761612. 
8.7925I12. 
8.823512. 
8.854512. 
8.8856ll2. 


857815. 
892015. 
9263 
9606 


0293 
0636 
0981 


1670 


437919. 
476219. 
512619. 
5501 


6260 

6616 

7001 

1326|16.7376 

52 


15.' 


62113.6717 


6.2141 


638818.69496.2417 

..6566I3. 718116.2693 
.6743|3.74136.2970 


0.25301. 
.26251 

I  .2?221. 6921 .8. 7646,6. 3247 
.  2820,1. 710ok  788016. 3525 
.  2919 1.728o|3.8114!6. 8803 

I  .30191.7460,3.83496.4081 

I  .31201. 

'  .3222,1 

I  .33261. 

I  .34301 


„l 


8.9478|12. 
8. 9790  12. 
9. 0102 12. 
9.041412. 
9.0726:12. 
9. 1040|12. 
9. 1353 12. 


7235  23. 9121 128. 3612133. 


8.9167,12.201515, 
2361.15. 
2706  15. 
3058!l6. 9260  19.  W52  24. 0418,28. 


..8129 
..8505 
..8882 


4002 
4405 
4808 
5212 
5576 
6021 


10 


11 


3196  28. 4812  27. 9060  32. 6762. 
&59923.5242'27.9614 

23. 5672|27. 9960J32. 6720' 

28. 6102,28. 0416|32.  ?20o] 

23.653328. 

23.696328. 


'    37. 

J      .7 


0872|32.7680 
1328  32. 816o| 
23. 7394*28. 1784'32. 86401 
23. 7826'28. 2241 132. 9121 
1. 6426  23. 8257|-28. 2e98|32. 9600 
6830  23. 8689,28. 3155,33. 0083 


„l 


7Wr23. 9553  28. 4069,33, 
8046  23. 9986'28. 


J" 


339915. 
3746il6. 


9637 
0015 


.7641 3. 86846. 4360 
.7823  3.8819,6.4639 
53.90556.4919 
58.92926.5199 


.8005 
.8188 


'0.35361.8371 

I  .36421. 8565  3. 

j  .3750'l.87404. 

.3868'|1.8925 

.89681. 911114. 


.4079 
.4191 
.4303 
.4417 


1.9297  4. 
1.9484>4. 


95296.6479 
97666.5760 
0004  6.6041 
0242  6.6323 
04816.66a') 
0720  6. 6887, 
0960,6. 7170 


9.1667 
9.1981 

9.2296 
9.2610| 
9.2925 
9.3241| 
9.3567' 
9.3873; 
9. 4189| 
9.4506 
9.4824| 


19. 

19. 

19. 
07?220. 
1150 


12. 6485 16. 1909  20. 1302124. 

12.5833'l6.228820. 

12.6182,16.2668 


^,11 
12.663216. 
12.688216. 
12.  ?232,16. 
12. 7682 16. 
12. 793316. 


I 


4527  33. 
4985';33. 
5444"33. 


8868,24.085128. 

9265  24. 1285  28. 5902  33. 

9672  24. 1718,28. 


4093116. 
4440|16, 
4788|16. 
6136 16. 152920. 0894124. 8021 '28. 


,L 


20. 


0079j24.2152|28. 
048624.2586:28. 


636133. 
682033. 
27933. 
7739  33. 


0564 
1046 
1527 
2009 
2492 
2974 
3457 
3940 
4423 
4906 


3048 
3429 
3810 
4191 


4672!20. 
12.8284|16.49&l|20. 
9. 514l!l2. 8635 16. 5386  20. 


1.9672|4. 1200^6.  7453 
1.9860:4.1441,6.7737 


4632,2. 0049.'4.  U\S2  6. 8021 


9.5459 
9.5778 
9.6097 
9. 6416 
9. 6735 
9.7055 
9. 7375 
9.  7695 
9. 8016' 
9. 8337! 


ol„ 


12.898616.5718 
6101 
6484 
(•►867 
250 


12.933816. 
12.969116. 
13. 0043  16. 
13.039«;i6. 
13. 0749  16. 
13.110316. 
13.145716. 
13.1811  16. 
13.2165  16. 


211824. 
2627|24. 
293624. 
334524. 
3756'24, 
416524. 
4575  24. 
498524. 


7(km'-20.  : 

HOi8i->o. : 


20. 

20. 

'20. 

20. 6630  24. 

20. 7041 '24. 


1.5396  24. 
1.5807,24. 
1. 6218  2  i. 


'453  25. 

•«6625. 
827825. 
8691;25. 
\)172'M. 9104  25. 


8402  20. 

M7H7  20. 


845528. 
3890'28. 
4326,28. 
476128. 
519629. 
5632;29. 
6068,29. 
650529. 
6941*29. 
7378 '29. 

7815  29. 
82.=>3  29. 
8691  29. 
9129  29. 
9.V.7  29. 
0005-29. 
0444  29. 
0883-29. 
1322  29. 
1762*29. 


8199:33.6390 

8659,88.6874 

9119  33. 

9579'33. 

0040,33. 

050133. 

0962  33. 

1424'33. 

188533. 

2347|3;i 

281034. 
3272  3.1. 
3735  M. 
4198  34. 
4661  .-W. 
51-24  ;;4. 
5588  34. 
6052  34. 
6516  M. 
6980  34. 


6842! 
7327 
7811 
8297 
8782 
9267 
9753, 

0239' 
0725; 
1*21  Ij 
1698^ 
2185 


•2672' 
3159' 

4i:i^.| 

4623 


0.4648i2.0238  4. 1924  6. 8:^05  9. 

.4764p.0429'4.21f36  6.85yo|  9. 

.4882j2.0619|4.240M6.8875|  9. 
.500o'2.0810  4.2661 


.  51202. 1002  4.  -2895 
.5-2402.11954.3139 
.5362  2.13884.33.S3 
.  5484;2. 1.581  4. 36'2.H  7 
.  66O7J2. 1775,4. 3874  7 
.57822.19704.4119  7. 


6.9161  9. 
6.94471  9. 
6. 9733  10. 
'7.002010. 

.U:U)7  10. 

.  (*.'>y.'.  10. 


8659|13. 
8981  13. 
9:^313. 
96-2613. 
9949  13. 
0-27213. 
0596|l3. 
092013. 
1244^13. 
15(>9  13. 


252016, 
287516. 
3-2:^1  17. 
35^7  17. 
394317. 
4-299  17. 
46.06  17. 
501317. 
5370  17. 
572817. 


9.=>57'-20.  l»518  -20. 220'2;"29.  7445  M.  5111 
9943  '20. 99311'25. 2642'29.  7910  M.  5599 


0328 
0714 
1101 
1488 
1874 
21?2 
2<>49 


.  0345,25. 3082  29. 8375  34. 6088 
L.  0759,25. 35-22  '29. 8841,  W.  6577 


21 

21. 

21, 1174'-25. 3963,'29. 9300  34. 7066 

21 

-21. 

•21 


.  1589j-25. 4404  '29. 9772  34. 7557 
.  -2004  25. 4^5'30. 0238!34. 8045 


37. 4824 
37. 5326 
37.5828 
37.6331 
37.6833 
37. 7336 
37.7*HO 
37.8343 
37.8847 
37.9351 

37.9866 
38.a«9 
38.0864 
38.1369 
:«. 1874 
38.2379 
38.2884 
38.3390 
38.3896 
38.4402 

38.4908 
38.5415 
38.5922 
38.6429 
38.6936 
38.7443 
38. 7961 
38.8459 
38. 8967 
:«.  W75 

3.S.9984 
39. 0493 
39. 1002 
39.1.511 
39. 20-20 
39.  '25;«) 

39.  saio 

39.  3'kSO 
39.4060 
39.4571 


'2419.*25. 5287  30. 0704  31. 85351 

3a^7\-2i.  aisoVib.  6n\V  Aesfc^^.'^A's^ 


39. 5082 
39. 5593 
39.  (il04 
39.  (Kilo 
39.  7127 
39.  7G39 
39.  HI  5 1 


I 


'i^i.^#«i 
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Table  6. — Three-halves  pmcem  for  numbers  from  0  to  7:?— Continued. 


\\ 


\ 


.n 

.7B 
.74 

p77 
.TO 
.7» 

,m 

*«7 


L(MJ 


b.  we7  21 2i«ft  t.im  iim 


i237 1 2TliJl  4.  fit07  7.20SH  m  2»71 


13.71411 

13.7W80 
13.8340 
IS.  8000 


,0626 


2, 3962  4.1401)1,3 
3.Sa4^4>BaB^, 


«75?z.afr4fl«.e]0aT, 


a»B92.^74» 


2.3m!> 


.TITS  a, 


I  .H3S24 


I 


.9H50 
I.  0000 


io.iswi3,0oe6i7.3cas:2i 


4.fl602.7.a7M3 


10.  3137 
10,  417§ 


10. 


1  A\m  A.  «SA3  7. 407G  la  ftlOS 
1. 43&1  4.  TUw't.  UV5«'|0.  MOa 

±43534.7  If,  7   j;--]  Iu.fi812 


7562 14756  A 


7«}T2.aifii4. 


,5afl7 

LA572 


BlU 
4.S3G7 

4.8efir5i^ 

M3T 


8aS52.m7  4BS7£7. 

fiM  2, 5IS3  4,  PiaO  T.  f723 


2.ai90 

2.  mi  a 

2,70(21 

2.7440 
17650 
2.  7t^I 
2.8072 


14.Q40G17,M10&ZL 
l^'r>ij  ia.  eifio  14. 0708 17,  flS07)21. 
T.  JSa48jlD.  6460 14.  lia0 17. 8f^'21. 
7,  B642 10.  fi«10 14. 14W 17. 9282;21, 


C9M] 

4.9897 

5JIft4 
5.1443 
.•i.t702 


^|. 


10.  7141 


m7«© 
iQ.!na4 

ia8f7»5 
la  ai3] 


r 

17.3l!l4i2l. 
I7.420£!ai. 


449»>.749930.3Ot0»Li 
17. 4fi«l  !21. 4Sie!2&.  7^4^30. 3$I|7|8& 
17. 4981  '21.  l^333|2fK  ^96  30.  a07J 


ii  W 


I  , 


&75i.m 

6lW25.927£30.4913|S&.3iM|    AnM  | 


IL-iSTO-jr 

t7.57fio|2L 

n.  eiM  21.  fl567''J&.  9716130. 53S1 

n.a&il|2l.7D06l^OI61 

iienijat 

17.7822^21, 


'.eniiau  7433:^000630. 


13.  Ma2 17. 7322^1, 7S42;26. 


14.0D4417.7714 


830136, 
8fi8ll26. 
010026. 


30L56SII3&. 


dsuW 


in 


ifln 


3&$4ia  «LinB 


4181 


14.l8&ai7.«d74|22.0a«l 


10. 747S 14. 2219  Ift.  0067 ,22.  OTM  ^.  4171 


i4.^'i»s|iao«i|2a, 

K2D46|1E,085422. 

14,3311  lH.124fi22. 
14.3€75'l«.164222. 
l4.4O40'lK,2037,'22, 
l4.44<X'i'lS.2432,.i2, 


W,  4770  IS.  28lfi',22, 3733  J(k  rJOi^'Sl.  33Sfi  86^  1848 


701» 
7.731B 
7.7702 
7.7009 
7.1*207110.9797 

il  1 1. 01 31  1 4.  -'il36'  1ft.  322i!;ii 

7.  j*»oa|n.  04W 14,  .'t'ioa'  iH.  uun. 

7. 9102!  n .  07!^  1 4. 68d0'  1 8. 401 3,'^, 
7,  WOlill,  1133'u.  eSSft'lH.  4409;*1. 
7. 0700i  11 .  146**'  1 4.  tiOoa  !  8.  iHOa  2:2. 


20I& 
24<;7 
2B80 
8^11 


20. 


t0&O<30L07ra9fi.4OM 

1496m  72fie  as.  5ii7 

tMtJ0.772S3&.fi9il 
2386  30.  Sige  35. 4101 

38as8o.aoe»m€a98i 

3378J80.$P9:A,  "T^m 
3725130.9^0  35. 7^6 
Sl.O0ei3ft.838O 


;.fiA23 
L&960 
L*WO*l 


1 3(Kl  2ek  4618  »I.  W»  35i  887a 
1623  26.  e065  SI.  lOH  S6.  mo 


I 


3L14Se  35^0665 
3Ll906'3&03tiO 
31.244136. 0856 


211. 
26. 
26, 
L*6.6M5G'.l]. 291336. 1352 


X- 


'V'K 


4l56|2e, 
4579:2a, 


7753^ 


roo3 

58S0 


8202 
8651 
9100 


31.3S503&.2M4 

31.433236.3«m 
31.480636.3337 


40.ftSe 


26.) 

26,55fi0:3L575l  36. 43311 


5. 1962  8. 0000  11.  lH0@'l4.  ti909',18.  ."L^/Zi.  6274|27.  OOOo'si.  6±28  3ti.  4vi£i, 


I 


>7  nmn'it 


3].5^H>!S6.3im 


I 


40Li£74   I 


40.7406 
40.7922 
40.8430 

4a  son 

4L06O7 
4LieJl 

41.  Ih^ 

41.  ^:^ 

4l,3£ia 
4L4I^ 
41,4n.\3 
4!.  :^173 
4L5e?,> 


The  tables  of  three-halves  powers  may  conveniently  be  used 
in  conjunction  with  Crelle's  Rechentiifeln,  or  similar  tables  of  the 
products  of  pairs  of  factors.  C  will  usually  be  constant,  or  nearly  so. 
Enterinjr  Crelle's  tables  with  C  or  CL  as  an  argument,  the  discharge 

corresponding  to  values  of  11^  read  from  the  tables  here  given  may  l>e 
taken  out  directly,  and  usually'  with  sufficient  precision  at  least  for 
1  foot  length  of  crest,  without  any  arithmetical  computation.     Table 5 

gives  JJ^  for  values  of  7/ from  zero  to  1.5  feet,  advancing  by  thou- 
sandths.    In  Table  6  the  increment  is  0.1  foot,  and  the  range  zero  to 

3 

12  feet.  Should  //^  be  re(|uired  for  larger  values  of  11^  it  may  be 
found  from  the  three-halves  power  of  i^//,  b}'  the  formula 

Hi=%(^J^^ %^^ 
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TABLE  7.--FLOW  OVER  BROAD-CRESTED  WEIRS,  WITH  STABLE 

NAPPE. 


This  table  gives  values  of 


where 


Z=l 
6^1  =  2.64 

The  derivation  of  this  coefficient  is  given  in  connection  with  discus- 
sion of  broad-crested  weirs  (pp.  119-121).  It  may  l)e  applied  to  broad- 
crested  weirs  of  any  width  of  cross  section  exceeding  2  feet  within  such 
limiting  heads  that  the  nappe  does  not  adhere  to  the  downstream  face 
of  the  weir  for  low  heads  nor  tend  to  become  detached  with  increased 
head.  Under  the  latter  condition  the  coefficient  increases  to  a  limit 
near  the  value  which  applies  for  a  thin-edged  weir,  a  point  being 
finally  reached  where  the  nappe  breaks  entirely  free  from  the  broad 
crest  and  discharges  in  the  same  manner  as  for  a  thin-edged  weir. 
The  coefficient,  2.64,  may  often  be  applied  for  weirs  exceeding  2-feet 
crest  width  and  for  heads  from  0.5  foot  up  to  1.5  or  2  times  the  breadth 
of  weir  crest.  If  corrections  for  the  velocity  of  approach  are  re(|uired 
the  Francis  correction  forumla,  or  its  equivalent,  should  be  used. 

Table  7. —  Weir  discharge  per  foot  of  crent  lerigth. 
[Coefficient  Ci=2.64.] 


Head //.feet. 

0 

1 

2 

» 

4 

' 

6 

7 

8 

9 

lU 

'K 

o.ouo 

2.64 

7.47 

13.7 

21.1 

% 
•29.5 

38.8 

48.9 

59.7 

71.3 

0.00 

Ki. .'»     1 

.01 

.008 

2. 68 

7.52 

13.8 

21.2 

29.6 

38.9 

49.0 

5y.  8 

71.4 

KiJ) 

.02 

.007 

2.72 

7.58 

13.8 

21.3 

29.7 

39.0 

49.1 

59.9 

71.0 

K^.7     , 

1            .03 

.014 

2.76 

7.64 

13.9 

21.4 

29.8 

39.1 

49.2 

60.1 

71.6 

s:{.  9    1 

.04 

.021 

2.80 

7.69 

14.0 

21.4 

29. 9 

39.2 

49.3 

60.2 

71.7 

M.O 

!       Ob 

.030 

2.84 

7.75 

14.1 

21.5 

30.0 

39.3 

49.4 

60.3 

71.9 

8J.1 

j            .06 

.039 

2.88 

7.81 

14.1 

21.6 

30.0 

39.4 

49.5 

60.4 

72. 0 

H4.2     1 

1           .07 

.049 

2.92 

7.«6 

14.2 

21.7 

:i0.1 

39. 5 

49.6 

60.5 

72.1 

81.4 

.08 

.060 

2.96 

7.92 

14.3 

21.8 

.30.2 

39.6 

49.7 

60.6 

72. 2 

S4.5 

.09 

.071 

3.00 

7.98 

14.3 

21.8 

•SO.'i 

39.7 

49.8 

60.7 

72.3 

84.  r>    1 

1          0. 10 

0.083 

3.04 

8.03 

14.4 

21.9 

30.4 

39.8 

49.9 

(iO.H 

72.  5 

.11 

.096 

3.09 

8.09 

14.5 

22.0 

:».5 

39.9 

.■JO.O 

61.0 

72. 6 

84.  y    j 

.VI 

.110 

3.13 

8.15 

14.5 

22. 1 

30.6 

40.0 

50.2 

61.1 

72.7 

85.0 

.13 

.124 

3.17 

8.21 

14.6 

22.2 

30.7 

40.1 

ryO.S 

61.2 

72.8 

85.1 

1           -^^ 

.138 

3.21 

8.26 

14.7 

22. 2 

30.8 

40.2 

50.4 

61.3 

72.9 

85. 1     1 

.15 

.153 

3.26 

8.32 

14.8 

22.3 

30.8 

40.3 

50.5 

61.4 

73.1 

85.4 

.16 

.169 

3.30 

8.38 

14.8 

22. 4 

30.9 

40.4 

50.6 

61.5 

73. 2 

85.5 

1          .17 

.185 

3.34 

8.44 

14.9 

22.  5 

31.0 

40.5 

50.7 

61.6 

73.3 

86.6 

.18 

.202 

3.38 

8.50 

15.0 

22.6 

31.1 

40.6 

50.8 

61.8 

73.4 

85.7 

.1. 

.218 

3.43 

8.56 

15.0 

22. 6 

31.2 

40.7 

50.9 

61.9 

v.^.s 

\ 

8        WKFR   JCXPHRTMENTB,   COEFFlClENTft,   AND   FORMPLAS. 
Ta&L£  7. —  Weir  dischnrffi*  jter  foot  of  rtesl  kngih — C'oDtiiitieil. 


E«^if,fMt: 

fi    , 

I 

t 

< 

4 

\ 

6 

ikm 

0.290 

Hv-IT 

8.01 

16.1 

asL7 

«t<S 

.21 

.3&4 

3.M 

8.67 

n.2 

22. « 

31.4 

.'Hi 

.272 

».&6 

S.73 

15.2 

TI.V 

31.fi 

,im 

.291 

:j.t50 

S.79 

UVI 

23.0 

»l,6 

.n 

,S10 

3.64 

8.«& 

iri.4 

mo 

31,7 

/Zfi 

.330 

a.lS9 

f*.9l 

111.5 

23.1 

u.n 

.3*1 

.afio 

3.73 

S.»7 

1^.5 

3a.2 

ai.s 

.27 

.A70 

3.78 

9.WI 

1ft,  tt 

ms 

31.9 

,^ 

,391 

a.i2 

9.09 

1ft.  7 

2a.4 

iRLO 

.29 

.412 

3.«7 

9^^  is' 

10.* 

m4 

32.1 

0.3t> 

0.4M 

3.91 

9.21 

15.  i 

2».6 

aa.2 

.»1 

.466 

3,Wi 

9.27 

jr,.9 

m6 

32.3 

,J.ftf 

,47^ 

4JKI 

9. 33 

U't.O 

^1.7 

»2.4 

.an 

.fm 

4.  Oil 

9.39 

10.0 

aa,» 

a^^fi 

.M 

.524 

4.ni 

9.4ri 

16.  :£ 

:ia.» 

jsa.6 

<3» 

.547 

4,14 

9,51 

16,^2 

^1.0 

82.7 

*»a 

,670 

4.1fl 

9,67 

16.  a 

24.1 

ia.8 

in 

.MM 

4.^ 

9.l}8 

16,  K 

24.1 

32.  a 

,38 

,flLS 

<a» 

9M 

16h1 

24.2 

K2.9 

.Ml* 

.^m 

4.33 

9,71 

16.5 

24.S 

SS.0 

0.40 

o.e6s 

4.37 

9.«2 

16.6 

24.4 

83.1 

.41 

.093 

4.42 

9.88 

16,6 

24.4 

^.2 

.42 

.71* 

4.47 

9.94 

16.7 

24.5 

3S.3 

,431 

.744 

4.61 

10.0 

16.8 

34.6 

3^.4 

M 

,771 

4.56 

10.1 

16.  J* 

24.7 

35.5 

.46 

.T^ 

4.ei 

10,1 

16.9 

24.8 

»3.6 

.4<f 

.SM 

4.6fi 

10.2 

17.0 

24.9 

33.7 

.47 

,sa"i 

4.70 

m2 

17.1 

24.0 

33.  a 

.4N 

,87* 

4.7I> 

10.8 

17.1 

mo 

33.9 

.4I» 

.905 

4.ao 

10.4 

U.2 

2fi.l 

34.0 

0,,T<> 

0,9M 

4.J*& 

10,  J 

17.3 

25.2 

^.0 

,5J 

.061 

4.90 

10.  S 

17.4 

2&.3 

31.1 

.02 

.^ 

4.9& 

10.6 

17.4 

^.4 

^.2 

M 

l.Oli 

5.00 

10.0 

17.fi 

'2h.i 

34.3 

.H 

LQa 

aw 

10.7 

17.6 

25.5 

34,4 

Jit* 

1.0§ 

5.09 

10.  B 

17.7 

afi.o 

34.6 

M 

Ull 

6l14 

10,8 

17.7 

^5.7 

34.6 

.a? 

l.H 

6.19 

10.9 

17.8 

35.8 

34.7 

.A» 

1.17 

6.24 

10.9 

17.9 

25.9 

34. S 

,5» 

i.au 

6.29 

U.0 

«., 

20.0 

34.9 

0,00 

1.29 

&.B4 

11,1 

1^.0 

2a.o 

3.^.0 

.ni 

t.afl 

5.39 

U.l 

l«.l 

2&1 

35.1 

-fiit 

1  29 

5.44 

11.2 

i    IS.  2 

26.2 

3j,2 

.<ia 

1.32 

6.49 

11.2 

1S.2 

26.3 

35.3 

rM 

i,a& 

6.64 

11.3 

ia.3 

26.4 

35.4 

.«& 

\/.\» 

6.60 

y-4 

18.4 

26,6 

55.4 

.UO 

1.4'i 

6.66 

11.4 

ls.fi 

26.6 

36.fi 

.157 

1.4^^ 

r».70 

ILS 

1&6 

26,6 

35.0 

,m 

1*4» 

6.76 

U,6 

1K6 

2d.  7 

m- 

IM 

*^m 

11,6 

l«.7 

1 

iJfn* 

r" 

m8 

40.9 
41.0 
41.0 
41.1 
41.2 
41.  K 
41.4 
41.6 
41.11 
41-7 
4J.8 
41.9 
42.0 
42.1 
42.2 
^.3 
42.4 
42.5 
^6 
42.7 
42.8 
42.9 
43.0 
43.1 
43.2 
43.3 
43.4 
43.6 
43.6 
43.7 
43,8 
44.0 
44,1 
44.2 
44.3 
44.4 
44.5 
44.6 
44,7 

44.  e 

44.9 
45.0 
46.1 
45.2 

45.  a 
4.'^.  4 
4fi,5 
46,6 
4li.l 


61.  Q 

61.  i 
61.2 
51,. '1 
61.4 
61.5 
51. « 
61.7 
61.9 
62.0 
5^1 
52.2 
52.3 
62.4 
r«i.6 
fpa.6 
52.7 
62.9 

6a.9 

53.0 

63.1 
5S.2 
S3.i 
63.6 
53. « 
53,7 
&S.8 
63.9 

54.  D 
64,1 
54,2 
54.3 
54.4 

54.7 
M.3 
54.9 
66.0 
65. 1 
55.2 
66.3 
66.4 

55.  & 
55.6 
56.7 
65.9 
56.0 
56.1 
56.2 


SLO 

ItLT 

02.1 

73.8 

«2.2 

Ti.9 

€23 

74.0 

02.4 

74.1 

62.0 

71.* 

^7 

74.4 

02.8 

74.fi 

62.9 

74.6 

63.9 

74.8 

63.1 

74, » 

fl3.2 

75.0 

63.4 

75.1 

03.6 

76.2 

63.0 

76,4 

S3. 7 

75.5 

63.8 

75.6 

03.9 

76.7 

M.OI 

7h.S 

M.2 

70.0 

94.3 

76.1 

M,4 

76.2 

94.5 

70,3 

64.6 

76.4 

64.7 

76.6 

64.8 

76.7 

66.0 

76.3 

66.1 

76.9 

65.2, 

77.0 

65.8 

77.2 

65.4 

77.3 

65.6 

77.4 

65.6 

77.5 

65.8 

77.7 

66.9 

77.8 

65.0 

77.9 

60.1 

78.0 

66.2 

78.2, 

66.3 

78.3 

66.5 

73.4 

66.0 

7Sl6 

06.7 

78.6 

66.8 

73,3 

60.9 

78.9 

67.0 

79.0 

67.2 

79.1 

67.3 

7^.3 

*57.4 

79.4 

117.6 

79.6 

^iT.a 

^n. 

mi 

86.1 

8e.4 

86.5 

ai6 
»,a 
m.9 

07,9 
67.1 

87.3  ' 

67.4 

87.6 

«7.l 
67.9 
38.0 

8^2 
86.1 

3d.i 

88.6 
88,7 
88. 6 
88.9 
89.0 
39.9 
89.  S 
89.4 
39.6 
89.7 
89.8 
90.0 
90.1 
90.2 
90.3 
90.,^ 
90.6 
90.7 
90.6 
ftO 
91,1 
91. 2 
91.4 
91.6 
9L6 
91,6 
91.9 
910 
9-i.l 
92.1 
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Table  7. —  Weir  discharge  jmt  ff tot  of  rreM  length — ContiniKMl. 


ead^.feet. 

0 

' 

11.7 

S 

18.8 

4 
26.9 

5 

0.70 

1.66 

5.85 

35.9 

.n 

1.66 

5.90 

11.8 

18.9 

27.0 

36.0 

.72  * 

1.61 

5.96 

11.8 

18.9 

27.1 

36.1 

.73 

1.65 

6.01 

11.9 

19.0 

27.2 

36.2 

.74 

1.68 

6.06 

12.0 

19.1 

27.2 

36.3 

.76 

i.n 

6.11 

12.0 

19.2 

27.3 

36.4 

.76 

1.76 

6.16 

12.1 

19.2 

27.4 

36.5 

.77 

1.78 

6.22 

12.2 

19.3 

27.5 

36.6 

.78 

1.82 

6.27 

12.2 

19.4 

27.6 

36.7 

.7« 

1.85 

6.32 

12.3 

19.6 

27.7 

36.8 

0.80 

1.89 

6.38 

12.4 

19.6 

27.8 

36.9 

.81 

1.92 

6.43 

12.4 

19.6 

27.8 

37.0 

.82 

1.96 

6.48 

12.5 

19.7 

27.9 

37.1 

.83 

2.00 

6.54 

12.6 

19.8 

28.0 

37.2 

.84 

2.03 

6.69 

12.6 

19.9 

28.1 

37.8 

.86 

2.07 

6.61 

12.7 

19.9 

28.2 

37.4 

.86 

2.10 

6.70 

12.8 

20.0 

28.3 

37.4 

.87 

2.14 

6.76 

12.8 

20.1 

28.4 

37.5 

.88 

2.18 

6.80 

12.9 

20.2 

28.6 

37.6 

.89 

2.22 

6.86 

18.0 

20.2 

28.5 

37.7 

0.90 

2.26 

6.91 

13.0 

20.3 

28.6 

87.8 

.91 

2.29 

6.97 

13.1 

20.4 

28.7 

37.9 

.92 

2.33 

7.02 

13.2 

20.5 

28.8 

38.0 

.98 

2.37 

7.08 

13.2 

20.6 

28.9 

3S.1 

.W 

2.41 

7.13 

13.3 

20.6 

29.0 

38.2 

.95 

2.44 

7.19 

13.4 

20.7 

29.1 

38.3 

.96 

2.48 

7.1i4 

13.4 

20.8 

29.2 

38.4 

.97 

2..'>2 

7.:«) 

13.5 

20.9 

29.3 

38.5 

.98 

2.66 

7.36 

13.6 

21.0 

29.3 

38.6 

.99 

2.60 

7.41 

13.6 

21.0 

29.4 

38.7 

1.00 

2.61 

7.47 

13.7 

21.1 

29.  r, 

:«.8 

45.8 
46.9 
46.0 
46.1 
46.2 
46.3 
46.4 
46.6 
46.6 
46.7 

46.8 
46.9 
47.0 
47.1 
47.2 
47.3 
47.4 
47.5 
47.6 
47.7 

47.8 
48.0 

48.1 
48.2 
48.3 

4M.4 
48.5 
4M.6 
4M  7 
4K.H 
4X.9 


56.4 
66.6 
56.6 
66.7 
56.8 
57.0 
57.1 
67.2 
67.3 
67.4 

57.5 
57.6 
57.7 
57.8 
68.0 
58.1 
58.2 
58.8 
68.4 
58.5 

68.6 
68.7 
68.8 
69.0 
59.1 
59.2 
59.3 
59. 4 
59.5 
59.6 
•VJ.  7 


67.7 
67.9 
68.0 
68.1 
68.2 
68.8 
68.4 
68.6 
68.7 
68.8 

68.9 
69.0 
69.2 
69.3 
09.4 
69.5 
69.6 
69.7 
69.9 
70.0 

70.1 
70.2 
70.8 
70.4 
70.6 
70.7 
70.8 
70.9 
71.0 
71.2 
71.3 
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79.8 
79.9 
80.0 
80.1 
80.2 
80.4 
80.6 
80.6 
80.7 
80.9 

81.0 
81.1 
81.2 
81.4 
81.5 
81.6 
81.7 
81.9 
82.0 
82.1 

82.2 
82.4 
82.5 
82.0 
82.7 
82.9 
83.0 
83.1 
S3. 2 
83.4 
83.5 


92.4 
92.6 
92.7 
92.8 
92.9 
93.0 
93.2 
98.8 
93.4 
93.6 

98.7 
93.8 
94.0 
94.1 
M.2 
94.1 
94.5 
91.6 
94.7 
91.9 

95.0 
95.1 
95.3 
9.\4 

95. 5 

95. 6 
95.8 
95.9 
96.0 
9«).2 
9«>.3 


180  WSIB  EXPEBIMBNTS,  0OSFFI0I£NTO,  AND  WOMMmJkB. 

TABLE  8.— BACKWATER  CAUSED  BY  A  DAM  OR  WEIR. 

In  a  channel  of  uniform  depth,  width,  and  slope,  let 
2>= Original  uniform  depth. 
dfs= Depth  at  the  dam  or  obstruction. 
^1= Depth  at  a  point  upstream. 
^= Distance  upstream  to  the  point  d^. 
t£;= Width  of  channel. 

2i=Distance  upstream  to  the  **  hydrostatic  limit" 
/S'=  Natural  uniform  slope  or  inclination  of  water  surface  anj 

stream  bed,  assumed  parallel. 
^= Acceleration  of  gravity. 
C7=C!oefficient  in  the  Chezy  or  slope  formula  v=  C^RS^ 

where  R  is  the  hydraulic  radius=  ''''^f  ^^^^/^  ■ 

wetted  perimeter 

The  value  of  Ovaries  for  rivers  from  about  60  to  140. 

The  distance  upstream  from  the  obstruction  at  which  the  depth  will 

be  d^  may  be  found  by  the  formula 

JP  is  a  function  of  •^,  whose  value  can  be  expressed  mathematically 

only  as  a  transcendental  equation.  The  numerical  values  of  this  fuDC- 
tion  are  given  in  Table  8.  F^  will  be  found  opposite  the  argument 
D   .^A   w .u.  D 


-^,  and  F^  opposite  ^. 
a^  d^ 


Fig.  15. — Concave  backwater  Hurface. 


The  inverse  problem  of  finding  the  depth  at  any  given  distance ' 
upstream  can  be  solved  only  by  successive  trials. 

Using  the  above  equation,  a  series  of  values  of  d^  may  be  determined 
giving  in  tabular  form  the  corresponding  values  of  /.  From  this  dat*- 
the  form  of  the  surface  curve  may  be  graphically  shown  or  the  deptb 
of  ))ack  piling  at  any  point  may  be  interpolated. 

lfi>=5,     ^/^^lO,     t/=75,     .9=0.0001,     ^=0.5,  and  i^,=0.131S, 
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Column  (2)  in  the  following  table  gives  the  values  of  I  for  various 
'alues  of  d^  computed  by  means  of  formula  (115). 

Form  of  backwater  curve  above  a  dam. 


d 

I 

6 

(/,-« 

Depth, 
feet 

(1). 

Distance 

from  dam 

to  depth  di, 

feet 

(2). 

Hydrostatic 

depth  at 

distance  /, 

feet 

(8). 

piling." 
feet 

(4). 

9 

11,687 

8.83 

.17 

8 

24.277 

7.57 

.43 

7 

38,526 

6.15 

.85 

6.5 

47,024 

5.30 

1.20 

6.4 

48,798 

5.13 

1.27 

6.8 

50,796 

a5.00 

1.30 

6.2 

52.813 

C15.00 

1.20 

6.1 

56,010 

rt5.00 

1.10 
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57,240 

a5.00 

1.00 

5.5 

67,252 

a5.00 

.50 

5.3 

82,»I0 

a5.00 

.30 

5.1 

101,255 

«5.00 

.10 

a  Above  hydnwtatic  limit. 


If  the  pond  formed  by  the  dam  were  level,  the  hydrosUitIc  depth 
at  any  distance  upstream  would  be 


S—d^—l  sin  8 


(11(5) 


Column  (3)  in  the  above  table  shows  this  factor  for  the  several  values 
of/.  The  true  ''back  piling''  or  rise  due  to  the  mirface  curraUire  is 
expressed  by  the  difference  rfi  —  eJ,  as  given  in  column  (4). 

This  quantity  has  a  maximum  value  at  the  kydrostatic  limits  or  ter- 
minus of  the  level  pond,  where  d=D. 

Its  location  is  such  that  if  /^  is  the  distance  upstream  from  the  clam 


h 


sin  S 


(117) 


Fnj.  ir.. 


f^mvcx  luickwfttrr  yiirfticr. 


In  the  example  given  the  hydrostatic  limit  ()c<'urs  at  a  distanco 
^1=50,000  feet  alK)ve  the  dam,  at  which  point  th(»  maximum  back  pilinj,' 
of  about  1.31  feet  occurs. 

Above  the  hydrostatic  limit  the  depth  of  back  v*\V\\\^  \*  d^-  D. 


0 

2        WKIR    EXPERIMENTS,   COEFKICIKNTS,   AND    tURMULA8» 


When  ^^>^', m\ 

\ke  pond  i^urfHcr^  will  not  be  ecmeavB,  but  ii  rt^mtm   or  hyrlniulk 
lump  will  occur,  bavin^  ii  height 

d^^tjd:*^ iW\ 


'--'M 


here  Vi  i*s  thf*  itM^an  voloc^ity  cotTeNiK)nding  to  rfj-     To  find  tV  di^ 
nee  ui^trpHin  to  the  point  where  the  jump  occurs,  solve  *K)uatiyn 
115)  for  thti  value  of  ^/,,  found  bj  fonuulu  (liy). 

If  ^=  0. OlH        V^  100        ^^ihOi m^lH. 


Iff 


110  ■ 

v,  =  im^ i.a5^^^^^  =IHA9  fcBt  per  second. 


I  jet  the  depth  fit  the  djini  }w  10  feet;  uning  r/j  iw  found  above  li'^  the 
t-erminal  4lei)th  in  fornuUa  (115),  wo  obtain 


+  »((m1*4-3i0^^'*^>> 


lM-7.48 
*^    0.00+ 
i>      6  /:> 

rf,     7.48  ffl. 


/;  =  U.3.57«  /';=0,1318 

i=63u+(250-311)X0.1:Jt}=«22.3  feeL 

T)ie  hydruMtatic  limit  in  thi^  case  is 

If  the  channel  above  an  obv^truction  consists  of  successive  reached 
having  different  slopes  or  cross  sections,  the  depth  at  the  head  of  tb^ 
first  reach  or  level  may  be  found  by  the  method  outlined,  and  usin^ 
this  as  the  initial  depth  d^^  a  similar  solution  may  be  made  for  the 
second  and  succeeding  levels." 

a  Table  H  has  been  extended  from  Bresse's  original  table  by  interpolation.  Demonatmtlonfl  of  ttie 
formulas  here  given  may  be  found  in  Merriman'sor  Bovey's  Hydraulicn.  In  case  of  a  faU  a  different 
function  must  be  employed.    lU  values  will  be  found  in  the  works  mentioned. 
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Table  S.—BackuxUer  function  (F)  for  a  dam  or  obdruction. 

in  headings  i&re  hundredths  for  values  of  ^  from  zero  to  0.29.  thouwuidths  for  values  of  -^ 

D 
0.899,  and  ten-thousandtlis  for  valuer  of  ^  from  0.900  to  0.999.] 
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Tablk  H.—fiiirkw<iUr  function  {F)  for  a  dam  or  obstruction — Ck>ntinued. 
wiluran  hendinfCK  are  hundredths  for  values  of   ,  from  xero  to  0.29.  thouhiindthft  for  valucn  of  -3. 
from  0.80  to  0.899.  and  ton-thoUMandths  for  valuea  of  ^  from  0.900  to  0.999.] 
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Tablb  8. — Backwater  function  ( F)  for  a  dam  or  obttrucUon — Gontiinied. 
[The  column  headlniri  are  handredthe  for  ralues  of  Z  from  sero  to  0.29,  tbomuHltlis  for  nlai 
of  £  from  0.80  to  0i800,  and  ten-thouaandths  for  yalues  of  S.  from  0.900  to  0.999.] 
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LETTER    OF   TRANSMITTAL, 
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le  of  the  series  of  Water-Supply  and  Irrigation  Papers. 
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tates  carried  on  by  the  division  of  hydro-economics.     As  the  meth- 
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Very  respectfidly,  F.  H.  Xewell, 

(Hiief  Engineer, 
Hon.  Charles  D.  Walcott, 

Director  United  States  (reologiral  Siircey, 


riELD  ASSAY  OF  WATER 


By  M.  O.  Leighton. 


INTRODUCTION. 

A  chemist  ainis  to  secure  exceeding  refinement  in  analytical  meth- 
ods and  results.  He  seldom  considers  whether  or  not  a  method  is 
sufficiently  exact  for  certain  broad  purposes.  The  fact  that  it  is 
incomplete,  approximate,  or  susceptible  of  refinement  is  to  him  suffi- 
cient reason  for  improving  or  rejecting  it  at  the  first  opportunity. 

The  scrutiny  to  which  chemical  methods  have  been  subjected  in 
the  endeavor  to  secure  exact  results  has  led  in  many  cases  to  processes 
so  complicated  and  expensive  that  in  commercial  work  the  advan- 
tages do  not  compensate  for  the  increased  cost  and  delay  which  the 
methods  involve.  The  result  has  been  that  the  chemical  profession 
distinguishes  between  two  classes  of  chemical  methods  w^hich  differ 
in  degree  of  accuracy.  The  first  includes  the  exact  methods,  which 
afford  results  as  nearly  perfect  as  chemical  procedure  will  permit. 
Such  methods  are  used  in  all  cases  where  minute  differences  in  analy- 
sis would  cause  errors  in  interpretation  or  in  subsequent  chemical 
procedure.  The  second  class  consists  of  "  commercial  methods,"  so 
called  because  the  results  obtained  by  them,  while  departing  from 
the  actual  truth,  are  sufficiently  accurate  to  insure  the  profitable  con- 
duct of  industrial  chemical  processes  without  appreciable  error  or 
waste.  Methods  of  the  first  class  are  the  product  of  chemistry, 
while  those  of  the  second  are  used  in  response  to  the  demands  of 
expediency — they  are  good  enough  for  the  purposes  for  which  they 
are  used. 

In  no  branch  of  chemistry  are  approximate  results  more  service- 
able than  in  the  analysis  of  water  for  hydro-eccmomic  surveys,  or 
surveys  made  to  determine  the  value  of  water  and  its  applicability 
for  use  in  domestic  supply,  boilers,  industries,  etc.  Under  the  condi- 
tions which  generally  prevail  it  is  necessary  to  resort  to  long,  tedious, 
and  expensive  processes  in  order  to  sexjure  a  determination  of  the 
character  and  amount  of  foreign  constituents  in  water.  It  is  the 
practice  in  such  cases  to  secure  a  sample  of  the  water  and  transpor*^ 
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it  to  a  laboratory,  where,  after  conventional  delaj%  tt  is 
through  the  usual  course  of  analysis. 

There  has  in  the  past  been  surprisingly  little  discrimination  nsad  J 
with  reference  to  the  selection  of  determinations  for  specific  piiriju?^  ' 
and  as  a  general  rule  the  same  procedure  ha^  usually  bceu  follnwi^ 
without  regard  to  the  object  of  the  particular  inve^^tigtitioa  If  ili« 
purpose  of  the  analysis  is  to  determine  the  incrustin^  const  it lu^nt^, 
the  course  pursued  has  been  to  follow  the  entin^  antilytical  piooe^lum 
If,  on  the  other  hand,  it  is  desired  to  determine  the  amount  of  <ir|^inic 
pollution  in  a  water  and  show  its  value  for  domeistic  use,  the  chemist 
forthwith  begins  the  round  of  nitrogen  detenninations^  and  ch^^ 
with  a  statement  of  the  oxygen  consumed  and  the  jumU>er  of  Ijaet^ria 
per  cubic  centimet^.  In  only  a  few  well-known  klx>rHtort(^  han 
tibis  rule  been  violated,  and  such  is  the>tx)nse]  vatism  in  the  eJ&oinie&I 
profession  that  it  will  probably  be  largely  followLH^  in  fithm\  Vtm- 
servatism  is  the  saf^uard  of  science  and  one  of  the  most  rnniint'ii<ia 
Me  qualities  of  a  chemist,  but  an  excess  is  sometimes  almost  n^  bad 
a  deficiency. 

SANITARY  ANALYSES, 

The  requisites  to  be  met  by  a  water  in  almost  every  line  of  specii 
development  are  broad  and  flexible.  In  the  s^uiitary  analysis  nTtiiiti  J 
results  receive  certain  interpretations,  which  remain  gi*n*'n)lly' 
unchanged  if  the  results  are  varied  by  1,  2,  3,  or  sometimes  even  10 
per  cent.  A  strange  feature  in  connection  with  sanitary  analyses  of 
water  is  that,  in  addition  to  insisting  upon  superrefinement,  many 
chemists  persist  in  making  determinations  that  are  admittedly  to  no 
purpose.  It  is  a  common  thing  to  see  an  analyst's  report  of  a  water 
containing  the  results  of  determinations  of  albuminoid  and  free 
ammonia,  nitrates,  and  nitrites,  accompanied  by  a  footnote  stating 
that  these  results  are  unworthy  of  trust  and  mean  very  little,  except 
to  verify  conclusions  made  from  inspection  of  the  territory  from 
which  the  water  was  taken.  In  case  such  conclusions  do  not  agree 
with  the  analytical  evidence,  the  latter  is  invariably  discredited. 

It  is  to  l)e  hoped  that  some  day  the  great  and  growing  swarm  of 
water  analysts  will  awaken  to  the  fact  that  sanitary  analyses,  as  gen- 
erally applied  and  interpreted,  are  but  a  succession  of  unrelated 
absurdities.  Water  experts,  who  encoimter  real  problems,  who  must 
use  analytical  data  as  a  basis  for  the  design  and  construction  of 
purification  plants,  and  w^hose  varied  experience  has  taught  them  that 
in  the  United  Statas  the  waters  are  as  diverse  in  character  as  the 
climates,  have  learned  a  few'  things  not  taught  in  text-books  nor  antic- 
ipated in  the  beautiful  theory  of  the  oxidation  of  organic  matter. 

The  occasional  isolated  sanitary  analysis  of  water  is  positively  with- 
out value.    There  are  throughout  the  country  numerous  State,  munic- 
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pal,  and  private  laboratories  in  which  sanitary  analyses  are  car- 
ried on.  The  water  analyzed  to-day  may  be  from  a  well,  to-morrow 
^m  a  brook,  and  the  next  day  from  a  pond.  From  the  results  of  a 
lingle  analysis  wise  and  ponderous  verdicts  are  sent  broadcast,  and 
he  eager,  waiting  public  is  duly  impressed.  No  one  understands 
»ow  singularly  misleading  a  sanitary  analysis  of  water  can  be  until  he 
las  examined  the  results  of  such  analyses  of  samples  taken  daily  or 
ourly  from  the  same  source ;  then  he  sees  that  in  general  only  a  few 
ingle  analyses  in  the  group  contain  re.sults  which  would  admit  of  the 
iterpretation  that  is  finally  placed  upon  the  series. 
If  there  is  at  hand  a  well-defined  problem  which  involves  the  con- 
deration  of  nitrogenous  matter  and  the  state  in  which  it  appears  in 

water,  certain  daily  nitrogen  determinations  are  of  undoubted 
ilue;  not,  however,  by  reason  of  the  absolute  amounts  which  are 
vealed  in  each  determination,  but  by  reason  of  the  daily  relations 
id  variations  which  appear  in  the  successive  analyses,  and  upon 
hich  interpretations  can  be  placed.  This  statement,  it  should  be 
nphasized,  refers  almost  entirely  to  water  slightly  or  moderately 
)lluted,  and  does  not  include  sewag(\  The  organic  matter  normally 
<?urring  in  a  natural  water,  or  what  may  be  more  accurately 
jscribed  as  a  highly  dilute  sewage,  is,  after  all,  practically  infini- 
i>imal  in  amount.     The  difficulties  attendant  upon  a  determination 

nitrogen  in  its  various  forms  and  the  true  interpretation  of  the 
suits,  grow  less  and  less  as  the  amount  of  organic  matter  is  increased, 
et,  even  with  strong  sewages  some  of  the  determinations,  such  as 
buminoid  ammonia  and  nitrites,  are  not  usually  productive  of  val- 
ble  information. 

In  an  article  entitled  "  The  composition  of  sewage  in  relation  to 
oblems  of  disposal,"  *»  Mr.  George  W.  Fuller  discusses  in  a  charac- 
ristically  clear  manner  an  experiment  which  illustrates  the  apparent 
tility  of  the  albuminoid-ammonia  determination,  as  follows: 

[llu«tratlve  of  the  varying  relation  of  nitrogen  in  the  form  of  allmmlnoid  am- 
mia  to  the  total  organic  nitrogen  present  in  raw  sewage,  there  are  given 
low  in  a  table  the  results  of  an  exi>erinient  made  in  the  Lawrence  laboratory 
d  published  in  the  1804  rei)ort  of  tlie  Massaehusetts  State  board  of  health, 
go  4<n.  A  bottle  of  fresh  sewage  was  analyze<l  just  after  its  collection  and 
ain  at  frequent  intervals,  allowing  the  natural  det-omposition  processes  to 
ce  place  at  room  temi)erature.  In  this  tal»le  it  is  setMi  that  fresh  sewage 
itains  dissolved  oxygen,  coming,  of  conrse,  from  the  water  supply  which  forms 
?  principal  portion  of  tlie  sewage.  It  also  c<mtains  nitrogen  in  the  form  of 
xates,  as  well  as  other  salts  wliicli  are  completely  oxidiz(Hl.  Through  the 
ency  of  the  bacteria  and  tlie  oxygen  dissolved  in  the  water  and  yielded  by  the 
idized  salts,  the  carlM)n  of  the  organic  matter  is  oxidized  and  the  organic 
rogen  uniting  with  the  liydrogen  forms  free  annnonia. 


«  Teclinolojjy  Quarterly,  .luno,  100.3,  pp.  143-144. 
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it  is  seen  from  the  results  in  the  table,  page  [121,  that  the  dissolved  ozy- 
I  the  nitrates  gradually  disappear,  the  bacteria  for  a  time  increase,  the 
consumed  (carbonaceous  matter)  decreases,  the  nitrogen  as  free  ammo- 
reuses,  and  the  organic  nitrogen  (Kjeldahl)  decreases.  The  nitrogen 
iminoid  ammonia,  however,  remains  approximately  constant,  notwith- 
g  that  more  than  20  parts  of  organic  nitrogen  are  changed  to  free  am- 
and  some  5  or  6  parts  of  free  nitrogen  escape  into  the  atmosphere. 

nitrite  determination,  which  has  been  regarded  by  many  as 
the  most  valuable  pollution  indicators,  fluctuates  in-  a  stream 
»rvoir  according  to  the  amount  of  available  oxygen  rather  than 
nount  of  organic  matter  undergoing  oxidation.  It  will  rise 
ill  in  amount  when  there  is  a  positive  certainty  that  it  can  not 
3  to  increase  or  decrease  of  organic  pollution.  Nevertheless, 
an  interpretation  has  been  made  largely  on  the  evidence  pre- 
by  this  determination. 

far  the  greater  number  of  sanitary  water  analyses  reported 
e  the  determination  of  oxygen  consumed,  a  test  which  is 
ient  upon  so  many  features  that  as  a  whole  the  great  mass  of 
linations  which  have  been  made  are  valueless  for  purposes  of 
rison.  The  following  table,  compiled  by  Mr.  George  W. 
,  shows  clearly  the  relative  results  of  the  determinations  made 
ing  to  different  methods.  In  short,  the  only  practical  value  of 
)xygen-consumed  "  determination  is  in  its  application  to  highly 
ad  waters  of  the  same  general  character  and  origin,  and  then 
or  purposes  of  comparison  between  the  successive  determina- 
made  by  absolutely  the  same  method.  In  other  words,  it  is 
ally  a  sewage  determination. 

imate  comparison  of  average  amounts  of  oxygen  consumed  by  sewage  and 
sewage  effluents  as  shown  by  different  methods. 


Method. 


Temperature    pe-iod  of  contact     R«l«tivo 
of  solution.      *^®"o«  or  contact,     results. 


as  practiced  at  Boston  and  gener- 
a  America. 

Boiling  - . . 

5  minutes 

1.00 

as  practiced  at  Lawrence,  Mass 

do  .... 

2  minutes 

.65 

as  practiced  in  Germany 

do  .... 

10  minutes 

1.25 

f80°F 

8  minutes 

.20 

official  tests 

...do.... 

15  minutes 

.85 

L...do.... 

4  hours 

.60 

ate  "  oxygen  consnmeil 

Boiling  --. 

do 

4.00 

INORGANIC  ANALYSES. 


he  determination  of  inorganic  constituents  in  a  water  it  would 
no  difference,  in  the  decision  to  accept  or  reject  that  water  for 
use,  for  irrigation,  or  for  manufacturing,  if  the  harmful  con- 
its  were  contained,  for  example,  in  the  proportion  of  40,  44, 
jrains  per  gallon.    The  lines  dividing  good  and  bad  vrat^v  to^x 
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boUerpurpoaeB  are  very  broftd.  If  a  waterocmtaiii&aeQrtem 
of  incmsting  oonstitaents  and  a  method  used  iaiBaoeomte  to  •  liaiit«l 
5,  or  even  10,  per  cent,  it  would  not  lead  to  tiie  ncceptmnot  of  t 
water  or  the  rejection  of  a  good  one.  Hie  ^goodf  and  ^  bid' 
provinces  are  approached  too  gradually  taadmit  of  sudi  ocmseqwocoL 

Another  error  arises  from  the  conventional  methods  of  expnsEim 
of  results.  If  the  analyst  finds  that  a  water  contains  certain  amoimtB 
of  calcium,  magnesium,  sodium,  and  potassium,  and  certain  eqiii?i- 
lents  of  the  carbonate,  sulphate,  and  chloride  radicals,  he  unites  tibtm 
substances  according  to  methods  which  are  apparently  not  unifom 
and  entitled  to  little  scientific  justification.  It  is  a  weU-koowii  hd 
that  if  several  chemists,  each  independent  of  every  otlier,  soalfym  a 
certain  water,  there  will  almost  invariably  be  wide  differences  in  th 
expression  of  results.    , 

Dr.  F.  W.  Clarke,  chief  chemist  of  the  United  Stotes  Geokgical 
Survey,  in  a  recent  communication  has  given  an  excetlent  illostiatioB 
of  the  various  hypothetical  combinations  which  may  be  made  of  tie 
results  of  a  single  analysis  of  water.  The  statemente  are  set  fMth  k 
the  following  table.  Each  s^es  of  combinations  is  based  upon  t 
generally  accepted  hypothesis,  and  each  represents  a  water  that » 
tc^lly  different  from  the  others. 

•  AfuUuHs  of  water  from  artesian  weU  ai  Macomibt  lU,^ 

[Grams  per  liter.] 


Statement  in  ionic  form. 


Statement  according  to  hyxmthetical  oombinatloos. 


SiO,  . 

AlA 
Fe,0, 
SO4  . 
CO,. 
CI  -. 
Na... 
K... 
Ca.. 
Mg  .. 


0.0105 
.0018 
.0023 
.9991 
.3953 
.5418 
.8086 
.0237 
.1581 
.0672 


KCl 

Naa 

CaCl, 

MgCL. 

K2SO4 

Na^04 

CaSO, 

MgSO* 

K,CO,  ..--- 
Na,CO,  ---. 

CaCOs 

MgCOs 

Al,0,ft  

FeA^' 

SiO.,fe 


.- I  0.0452 

0.8968  I     .8384 


.0528 
.4649 
.5450 
.3360 


.6983 


.0154 


1.4781 


.0013  ; 

.0020  1 
.0105  ' 


3.0076 


.3952 
.2215 

.0013 
.0020 
.0105 


3.0076 


0.0181 

0.0211 

.7164 

.8172 

.0877 

.0292 

.0571 

.0242 

.0211 

.0246 

1.2495 

1.0642 

.1218 

.2223 

.0711 

.1857 

.0084 

.0028 

.2798 

.8259 

.2278 

.2076 

.1855 

.1190 

.0013 

.0018 

.0020 

.0020 

.0105 

.0105 

8.0076 

8.0076 

«  By  Oeorge  Steiger,  laboratory  of  United  States  Gteological  Survey. 
^Alt081  FejOa,  SiO:tt  conyentionally  regarded  as  colloidal. 
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The  inorganic  con55tituents  of  a  water  should  invariably  be  ex- 
pressed as  positive  and  negative  ions,  and  if  so  expressed  the  result 
determined  according  to  approximate  methods  is  as  valuable  as  the 
expression  of  precisely  determined  constituents  united  according  to 
the  individual  ideas  of  the  analyst. 

GENERAL  OBSERVATIONS. 

A  practical  disadvantage  in  chemical  water  surveys  arising  from 
the  insistence  on  refined  methods  of  analysis  and  lack  of  discrim- 
ination in  the  choice  of  specific  determinations  is  the  delay  which 
arises  in  sec^uring  valuable  information  with  reference  to  wide  areas. 
Months  and  even  years  have  bet^n  spent  upon  water  surveys  covering 
only  a  comparatively  small  portion  of  the  country.  Two  examples 
are  here  cited. 

The  most  important  chemical  survey  in  the  United  States  has  Ix^en 
carried  on  since  1888  by  the  (Commonwealth  of  Massachusetts.  This 
survey  work  may  safely  l)e  taken  as  the  standard  in  this  or  any  other 
country.  During  this  period  of  sixteen  years  the  appropriations  for 
the  work  have  lxH»n  on  an  average  about  $30,000  a  year,  making  a 
total  cost  of  not  far  from  $480,000.  A  large  part  of  this  sum  has 
l>cen  used  to  pay  expenses  of  experimentation  and  can  not  l)e  charged 
to  water  survey.     The  work  was  confined  to  Massachusetts. 

In  the  year  1898  the  Ohio  State  board  of  health  conmienced  an 
examination  of  the  principal  streams  of  the  State,  making  monthly 
juialyses  of  samples  of  water  taken  from  numerous  points  along 
the  various  streams.  This  work  was  continued  five  years  before  the 
State  was  covered,  and  there  resulted  merely  a  large  number  of  peri- 
odical analyses  in  sets  of  twelve,  showing  the  character  of  the 
stream  water  and  its  variation  according  to  local  conditions. 

These  two  case,s  are  typical.  No  one  would  claim  that  all  the 
results  could  have  l)een  reached  by  the  use  of  field  methods.  Un- 
doubtedly a  large  part  of  them  could  have  been  obtained  far  more 
cheaply  and  quickly,  and  there  would  have  l)wn  no  loss  to  the  cause 
of  pure  water,  nor  to  science  generally,  had  some  of  the  determina- 
tions l>een  omitted. 

Among  water  analysts  there  seems  to  be  a  general  tendency  to  attack 
every  water  problem  as  though  the  ()l)ject  were  to  prove  its  fitness  or 
unfitness  for  drinking  purposes.  In  many  investigations  it  is  well 
known  at  the  outset  that  the  water  can  not  l)e  used  for  domestic  pur- 
poses and  the  problem  is  of  (juite  another  character.  The  ccmven- 
t'onal  grind  of  nitrogen  determinations  has  Ixhmi  made  to  do  service 
in  almost  every  conceivable*  water  problem.  It  has  been  used  fre- 
quently in  investigating  pollution  problems  in  which  organic  matter 
had  absolutely  no  part.     A  study  of  the  results  obtained  in  mai 
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laboratories  will  show  that  in  the  routine  work  a  number  of  deter- 
minations could  be  omitted  without  detriment.  These  facts  are 
mentioned  in  order  to  emphasize  the  point  that  if  care  and  dis- 
crimination were  used  in  the  selection  of  tests  the  work  necessary 
in  carrying  on  chemical  surveys  might  be  decreased  and  the  money 
available  for  such  work  might  be  distributed  over  a  wider  field; 
results  of  more  immediate  use  might  l)e  secured  and  the  completion 
of  a  chemical  survey  would  not  be  postponed  for  the  benefit  of  future 
generations.  "  Commercial  methods  "'  serve  useful  purposes  in  man- 
ufacturing; the  success  of  enormous  industrial  plants  is  dependent 
upon  them,  and  in  water  surveys  they  would  at  least  be  businesslike. 

It  was  these  considerations,  in  connection  with  the  knowledge  of 
the  vast  areas  covered  by  the  United  States,  which  led  the  United 
States  Geological  Survey,  through  its  hydro-economic  division,  to 
investigate  the  practicability  of  employing  field  methods  for  the 
determination  of  important  characteristics  of  water.  It  was  realized 
that  if  there  could  be  provided  a  few  simple  tests,  the  apparatus  fcMT 
which  could  be  taken  into  the  field  and  used  on  the  spot,  large  areas 
might  be  covered  in  a  short  time,  and  if  it  were  necessary  for  any 
reason  to  make  periodical  determinations  the  cost  of  the  work  would 
still  be  small  and  the  total  would  not  run  up  into  the  large  sums 
which  have  been  spent  in  such  investigations.  In  general,  the  testi- 
mony of  a  large  number  of  approximate  results  is  far  more  repre- 
sentative of  actual  conditions  than  that  of  one  or  two  refined  analyses. 

The  idea  of  testing  waters  in  the  field  is  by  no  means  new.  Verj' 
successful  field  tests  have  Ikmmi  carried  on  by  numerous  authorities. 
Pr()l)al)ly  one  of  the  most  successful  systems  now  in  use  is  that  of  the 
Bureau  of  Soils,  Department  of  Agriculture.  Another  excellent  field 
outfit  for  sanitary  analysis  has  been  devised  and  used  with  satisfaction 
by  Mrs.  Ellen  II.  Richards.  Several  others  are  noteworthy.  They  all 
involve  the  use  of  considerable  apparatus  and  the  carrying  of  stand- 
ard solutions.  Specially  equipped  wagons  are  necessary  in  some 
cases.  In  others  the  variety  of  determinations  is  limited  or  the 
equipment  can  not  be  used  in  an  extensive  circuit  without  renewal  of 
reagents.  The  difficulty  of  carrying  solutions  and  complex  aj)paratus 
into  the  field  is  obvious.  The  ideal  e(iuipnient  is  one  which  can  l)e 
carried  on  journeys  afoot  or  on  horseback  without  much  fatigue. 
The  sources  of  useful  or  desirable  water  supply  are  not  distributed 
with  reference  to  the  railroad  or  wagon  routes  and  the  field  man  must 
often  climb  mountains  or  trace  obscure  trails  to  accomplish  his  pur- 
pose. The  outfit  shouhl  contain  a  sufficient  supply  of  reagents  to 
serve  for  a  hirge  number  of  detc^rminations  without  renewal.  The 
processes  should  be  rapid  and  the  results  fairly  accurate  and  compre- 
hensive. Finally,  the  e(iuipnient  should  be  provided  with  material 
for  so  various  a  series  of  determinations  that  with  proper  discrim- 
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3n  the  essential  characteristics  of  a  water  may  be  shown,  whether 
)urposes  be  domestic  or  industrial  water  supply,  irrigation,  or 
Dther  special  line  of  utilization.  Volumetric  methods  requiring 
se  of  burettes  are  objectionable ;  gravimetric  methods  are  impos- 
Therefore,  in  the  Survey's  study  of  field  methods  the  whole 
er  developed  into  a  question  of  choosing  the  most  useful  deter- 
tions  and  so  modifying  the  volumetric  methods  that  their  use 
d  be  practicable,  while  at  the  same  time  they  would  give  a  degree 
curacy  sufficiently  close  for  all  practical  purposes. 

the  methods  hereinafter  proposed  the  term  "  assay  "  readily 
;  itself.  There  is  no  attempt  at  water  analysis.  The  plan  contem- 
s  the  determination  of  ingredients  which  give  to  water  certain 
knowm  characteristics.  The  methods  and  the  suggestions  with 
ence  to  their  application  are  only  tentative  and  will  be  modified 
cperience  may  dictate.  As  they  stand  they  are  the  result  of 
ided  experimentation,  and  the  tests  to  which  they  have  been  put 

that  they  are  practicable.  They  have  been  found  to  be  more 
y  accurate  than  was  at  first  anticipated,  though  this  fact,  it  is 
k^ed,  has  not  greatly  increased  their  usefulness  for  the  purposes 
ew.  By  their  use,  combined  with  a  fair  amount  of  common 
,  the  essential  characteristics  of  waters  can  be  ascertained  at 
I  expense.     In  almost  every  situation  in  which  such  determina- 

are  significant  they  will  aiford  sufficiently  satisfactory  data, 
le  case  of  finely  balanced  considerations  of  a  purely  physical, 
ical,  or  geologic  nature,  however,  they  are  practically  useless. 

are  intended  for  practical  purposes  and  have  no  place  in  pure 
ze. 

FIEI.D  DETERMINATIONS. 

e  following  determinations  are  described  on  subsequent  pages : 

1.  Turbidity. 

2.  Color. 

3.  Iron. 

4.  Chlorine  or  total  chlorides. 

5.  Total  hardness. 

6.  Alkalinity. 

7.  Normal  carbonates. 

8.  Bicarlx)nates. 

9.  Total  sulphates. 
10.  Calcium. 

should  be  stated  at  the  outset  that  the  successful  operation  of 
methods  depends,  as  in  all  chemical  procedure,  upon  the  manner 
hich  they  are  applied.     A  failure  to  insist  upon  strict  compli- 
with  the  rules  laid  down  may  result  in  total  failure. 

jBn  151—05 2 
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SUSPENDED  MATTER. 

The  turbidity  of  water  is  that  property  which  is  imparted  to  it  by 
substance  carried  in  suspension.  In  many  parts  of  the  United  States 
waters  are  often  extremely  muddy,  and  when  this  condition  is  main- 
tained during  long  periods  it  becomes  one  of  the  most  serious  diffi- 
culties with  which  the  water-supply  engineer  has  to  deal.  Turbid 
water  is  objectionable  for  domestic  use.  In  industrial  operations, 
especially  in  those  in  which  water  enters  into  manufacturing  pro- 
cesses, turbidity  is  a  factor  which,  if  not  removed,  may  exert  a  harm- 
ful influence  upon  the  manufactured  products.  It  is  also  important 
in  connection  with  irrigation  works.  One  of  the  serious  troubles  in 
Western  reservoirs  is  loss  of  storage  capacity  due  to  silt  deposits.  In 
the  construction  of  irrigation  canals  the  amount  of  turbidity  usually 
carried  by  the  w^ater  often  determines  the  grade  of  the  canal.  Such 
canals  must  have  grade  sufficient  to  cause  the  flowing  water  to  carry 
along  suspended  matter  and  not  allow  it  to  settle.  If  this  is  not  taken 
into  consideration,  the  maintenance  of  the  irrigation  system  becomes 
extremely  expensive,  and  cases  have  occurred  where  the  canals  have 
been  practically  filled  by  the  deposits  of  suspended  matter. 

The  suspended  substances  causing  turbidity  are  of  various  char- 
acters. They  are  found  often  in  a  flocculent  condition,  settling 
readily  when  the  water  which  carries  them  becomes  quiescent.  On 
the  other  hand,  the  turbid  matter  is  often  made  up  of  minute  par- 
ticles of  clay,  so  fine  that  they  pass  through  certain  filtering  media. 
In  some  cases  the  problem  of  riMuoving  turl)i(lity  from  the  water  is 
so  difficult  that  the  process  which  may  be  successful  is  so  radical  that 
it  will  remove  also  dissolved  organic  material  and  even  a  large  num- 
ber of  the  bacteria. 

METHODS    OF    DETERMINATION. 

There  are  several  methods  of  estimating  the  proportion  of  sus- 
pended matter  in  a  water,  all  but  one  of  which  have  their  j)articular 
fields  of  usefulness.  The  first  is  merely  a  statement  of  the  observer's 
opinion  of  the  degree  of  turbidity,  such  as  '*  very  slight/'  *' slight,'' 
''  distinct,"  or  "  decided."  Although  this  method  of  estimation  has 
no  real  value,  it  is  used  by  many  water  chemists. 

The  s(H*ond  method  is  also  based  upon  the  appearance  of  the  water, 
but  differs  from  the  first  in  that  a  definite  and  fairly  well-fixed  basis 
of  comparison  is  provided.  A  water  containing  no  suspended  matter 
is  practically  transparent,  but  matter  in  suspension  intercepts  the 
rays  of  transmitted  light.  An  observer  can  see  objects  distinctly 
through  a  body  of  clear  water,  but  as  the  water  becomes  more  and 
inofe  muddy  th^^  objects  can  be  seen   less  and   less  distinctly  until 
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they  are  quite  lost  to  view.  Now,  it  has  Iwen  found  by  exi>eriment 
that  there  is  a  fairly  definite  ivlation  lietween  the  proportion 
of  light  raj's  intercepted  and  the  amount  of  matter  in  suspension. 
This  reflation  varies  somewhat  with  the  character  of  tlie  sus- 
pended matter  and  with  the  size  of  the  particles,  but  for  the  purpose 
to  which  this  method  of  measuivment  is  applicable  the  variations  do 
not  often  seriously  aifect  the  interpretations  placed  upon  the  results. 
The  details  of  the  method  will  be  explained  on  later  pages  under  the 
caption  "  Turbidity."  For  the  present  it  will  be  sufficient  to  state 
that  it  has  found  its  greatest  ust>fulness  in  connection  with  the 
adaptation  and  operation  of  water-filtration  plants  and  sewage- 
disposal  works. 

The  third  method  of  measuring  the  amount  of  suspended  matter 
in  water  consists  in  separating  it  from  a  weighed  portion  of  the  fluid 
by  filtration,  weighing  the  filtered  water,  and  stating  the  difference 
between  the  two  weights  as  suspended  matter.  The  form  of  state- 
ment commonly  used  is  parts  of  suspended  matter  per  million  of 
water,  milligrams  per  liter,  or  some  other  comprehensive  proportion. 
This  is  undoubtedly  the  liest  method  of  determination,  as  it  is  rela- 
tively accurate  and  can  Iw  used  in  the  study  of  all  water  problems. 
Its  practical  disadvantage  is  that  the  determination  i-equires  a  large 
amount  of  time  and  can  not  lx>  economically  i)erformed  in  serial 
investigations  without  considerable*  equipment  and  tedious  labor. 
It  is  also  true  that  the  processes  for  which  a  knowledge  of  suspended 
matter  is  necessary  will  generally  in  practical  work  l)e  as  well  served 
I>y  an  approximate  detennination  as  by  a  precise  one;  therefore  the 
cruder  methods,  based  upon  photometry,  are  more  i)ften  used. 

There  is,  however,  no  necessarily  constant  relation  between  the 
weight  of  suspended  matter  in  a  given  volume  of  water  and  the 
turbidity  produced.  A  certain  weight  of  suspended  substance  of 
one  kind  does  not  usually  produce  the  same  degive  of  turbidity  as 
n  similar  weight  of  another  substance.  In  other  words,  the  turbid- 
ity determination  takes  no  account  of  the  charact(»r,  weight,  or  volume 
of  the  susi)ended  matter.  This  has  Iwen  clearly  demoiistiated  by 
Mr.  Robert  Spurr  Weston  in  the  report  on  Water-Purification 
Investigation  and  on  Plans  Proposed  for  Sewerage  and  WatcMworks 
Systems  made  to  the  sewerage  and  wat(»r  l)oar(l  of  New  Orlenns, 
La.,  pages  27  and  28.  To  overcome  the  errors  above  cited,  Mr.  A^^^ston 
has  proposed  the  use  of  a  "'  turbidity  coefficient,''  as  follows: 

XU  optical  methods  for  the  determination  of  turbidity  are  naturally  compared 
with  the  gravimetrie  determination  of  the  susi)c»uded  matter  whicli  produces 
the  turbidity.  Equal  weights  of  susiwndeil  matter  do  liot  necessarily  produce 
the  same  turblditj*.  For  example,  waters  which  contain  8tisi)ended  silt  or  sand 
exhibit  less  turbidity  iwr  unit  of  suspendefl  matter  by  weight  tlian  do  waters 
contaiplDg  finely  divided  clay.    Therefore  the  ratio  between  silica  turbidityi 
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determined  optlcallj,  and  su^^ended  matter,  detmnined  graTtiiietrlcali|y»  ii 
most  important,  as  it  is  an  index  of  the  character  of  the  Baspended  matter  pro- 
ducing the  turbidity.  To  express  this  relation  most  convaileiitly,  the  tenn 
**  turbidity  coefficient "  has  been  adopted. 

TnrWdil^coelBoient  eq^il.  ^^^^^S^' 

Naturally  this  co^aicient  varies  with  diflPer^it  waters,  generally  Incteasliig 
with  the  size  of  tlie  particles  composing  the  soag&aAeA  matter.  Tims  tbe 
samples  of  unsettled  river  water  have  the  highest  turbidity  oo^Bdoit,  while 
samples  from  the  effluents  of  the  three-day  subsiding  basins  have  the  lowest,  as 
the  following  table  will  show:  < 

'   Table  of  average  turhidity  ooe/lleiente, 

TarUdity 


Mississippi  River  water 1 LW 

Mississippi  River  water,  after  6  hours*  sulMiidence .90 

MIssissiiH^i  River  wat^,  after  12  hours*  subsidence .97 

Mississippi  River  water,  after  18  hours*  subsidence . .86 

Mississippi  River  water,  after  24  hours*  subsidence ,95 

Mirfslssippi  River  water,  after  48  hours*  subsidence .90 

Mississippi  River  water,  after  24  hours*  subsidence  and  coagulatloD .60 

*  "■  .  • 

This  ta.ble  is  very  easy  to  understand,  since  the  coarser  partldes  of  low 
tarbldity-producing  power  and  somewhat  higher  specific  gravity  gradually  sep- 
arate out  according  to  their  hydraulic  values,  the  finer  particles  of  Idgh  tor 
bidity-inoducing  power  and  somewhat  lower  specific  gi^vlty  remaining  longeift 
In  suspension. 

The  idea  of  Mr.  Weston  above  set  forth  is  an  admirable  one  and 
should  be  utilized  in  connection  with  all  water  investigations. 

The  fourth  method  of  determining  suspended  matter  consists  in 
measuring  the  cubical  contents  thereof  after  sedimentation.  This 
method  takes  no  account  of  the  weight  of  the  substance  nor  of  the 
turbidity  produced  by  it,  and  its  particular  value  is  confined  to  those 
highly  turbid  waters  which  it  is  proposed  to  conserve  in  storag»i 
reservoirs  or  to  conduct  in  canals.  In  the  preparation  of  reservoirs 
for  irrigation  and  domestic  uses  in  the  arid  and  semiarid  regions,  one 
of  the  most  troublesome  features  is  the  loss  of  storage  capacity  in  the 
reservoir  by  reason  of  its  filling  up  with  matter  deposited  from  sus- 
pension, and  indeed  it  is  necessary  in  the  construction  of  these  reser- 
voirs to  provide  means  whereby  the  silt  can  be  removed  at  proper 
intervals.  The  problem  is,  therefore,  one  of  cubical  contents  and  the 
observations  are  usually  made  by  filling  a  100  c.  c.  graduate  with  the 
turbid  water,  allowing  the  suspended  matter  to  settle,  and  reading 
the  depth  of  the  sediment  and  expressing  it  in  percentage  terms. 

The  results  of  such  observations  do  not  bear  any  more  constant  rela- 
tion to  the  turbi4ity  produced  by  the  suspended  matter  than  do  the 
determinations  of  actual  weight.  An  interesting  series  of  observa- 
tions upon  this  point  has  recently  been  compiled  by  the  Geological 
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urvey,  the  water  beingltaken  from  Gila  River  at  San  Carlos,  Ariz, 
his  river  is  probably  the  muddiest  in  the  United  States,  and  the 
xservations  represent  extreme  conditions.  Turbidity  measurements 
)nsume  so  small  an  amount  of  time  in  comparison  with  that  necessary 
I  the  observation  of  per  cent  volume  of  total  solids  that  an  endeavor 
as  made  to  determine  whether  or  not  turbidity  measurements  pos- 
nss  any  constant  relation  to  amount  of  matter.  If  such  were  found 
)  be  the  case  the  work  necessary  in  preparing  plans  for  storage  reser- 
Dirs  would  be  considerably  shortened. 

Parallel  determinations  were  therefore  made  of  turbidity  and  per 
;nt  volume  of  sediment  upon  daily  samples  taken  from  Gila  River 
'om  July  21  to  October  24, 1904,  the  results  of  which  are  set  forth  in 
le  following  table.  It  will  be  noted  in  this  table  that  the  conversion 
let  or,  which  should  be  constant  if  the  hypothesis  were  correct,  varies 
)  widely  as  to  indicate  unmistakably  the  entire  absence  of  any  con- 
ant  relation  between  the  two  sets  of  observations : 


arallel  observations  of  per  cent  volume  of  sediment  and  of  turbidity,  in  terms 
of  parts  per  million,  of  silica  in  water  from  Gila  River  at  San  Carlos,  Ariz. 


Date. 

Percent 
sediment 
volume. 

Turbidity 
(silica  parts 
per  million). 

27,300 

ConverBion 
factor. 

Date. 

Per  cent 
sediment 
volume. 

15 

Turbidity 
(silica  parte 
per  million). 

Conversion 
factor. 

ay  21.. 

12 

2,280 

Aug.  12.. 

63,936 

4,260 

22-. 

16.5 

37,800 

2,290  1 

13-- 

10 

57,600 

5,760 

23.. 

19 

43,200 

2,280 

14.. 

11 

33,550 

3,050 

24.. 

18.5 

43,200 

2,340 

15-. 

17 

48,000 

2,820 

2o-- 

21 

44,784 

2,140 

16.. 

18.5 

54,000 

2,920 

26-. 

18 

41,568 

2,310 

17.. 

15 

42,000 

2,800 

27.- 

16 

40,572 

2,540 

18-- 

13 

39,000 

3,000 

28-. 

9 

40,800 

4,530 

19-- 

9 

33,000 

3, 670 

29- . 

21 

53,000 

2,520  ' 

20.. 

12 

39.000 

3,  250 

30-. 

19 

64,000 

3,370 

21-. 

15.5 

36,000 

2,320 

31-. 

12 

64,000 

5,330 

22-- 

13 

36, 000 

2, 770 

i^T.  1 

13 

53,312 

4,110 

"            23.. 

10 

27,000 

2,700 

2  - 

22 

73,536 

3,340 

24-. 

13 

39, 000 

3,000 

3.. 

20 

67,200 

3,350 

25.. 

8 

30, 000 

3,  750 

4-- 

19 

70, 368 

3,6,S0 

26.. 

9 

30, 000 

3, 340 

5-. 

15 

63,936 

4,260 

27.. 

8 

27,000 

3, 380 

6-. 

15 

62,400 

4,160 

28.. 

8 

24, 000 

3,000 

7.- 

14 

62.400 

4,460 

29.. 

8 

27.000 

3, 380 

8-- 

15 

67, 200 

4,480 

30.. 

8 

27,000 

3,380 

9-. 

14 

63,936 

4,560 

31.. 

8 

21.000 

2,630 

10.. 

14 

60, 768 

4,340 

Sept.  1.- 

8.5 

28,500 

3,360 

11.. 

13 

62,400 

4,800 

1              2.. 

8.5 

30,000 

3,^ 

38 
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PoraUel  ob9erv0tiUm»  of  per  cent  volume  of  aedimeiSt  dud  of  tmr%kUig^  im  krm 
of  parts  per  miUkm,  of  Hlica  in  water  from  OUa  Bjkier,  elc — Contfimed. 


* 

Fur  c*Ttt 

TnrbMlty 

CotiTvidon 

DiiUv 

\*MT  rent 

TurbMUv 

1 

Sept.  3, 

»8,1>60 

3,770 

Sept,  39.; 

0.5 

ffr^> 

1,300 

4-. 

a6jKK» 

4.500 

ao- 

,5 

tHiO 

!,30(J 

o** 

40,980 

3,150 

Oct     1„ 

Tim»». 

1150 

1 

6.. 

4i.000 

a,  800 

a^ 

3.5 

83(1 

10,980 

a,7ao 

1-. 

Trat-^, 

650 

0^^w 

31,600 

8,150 

4-. 

Tmce, 

2>iO 

.•- 

!         S.6 

s5,aoo 

8,880 

a,. 

'Traoe. 

':-}i  1 

«". 

a.5 

L6 

4.300 

2,«ao 

7- 

2 

0,  400 
42,000 

»., 

L6 

9,150 

3,(MW 

«.. 

Ui 

4*1,  CNM) 

i,m 

IS-- 

14,000 

.  S,800 

9,, 

18 

;ffi,()00 

3,000 

M.. 

7.5 

90,000 

%,mo 

lfi<. 

12     . 

a«,ooo 

a,w 

tt.. 

la.ooo 

S,$60 

11.. 

18 

27,000 

S.Of^O 

1«.J 

16,000 

$.070 

la.. 

t 

1»,(I0(J 

2,000 

'w.J 

It,  000 

a,  070 

ia„ 

5,5 

13,000 

2,180 

18.^ 

13,000 

2,«00 

14-. 

8.5 

>!,01M) 

%^m 

».: 

9 

1I,3S0 

2,mo 

ia„ 

2,5 

4,400 

l.TW 

■  •to.J 

r:jj>o<» 

8,mjo 

ifi  _ 

2 

:5,^tM> 

1.900 

21., 

fi.aoo 

3.000 

IT.. 

I 

s,7ao 

8,750 

S3- 

5,500 

r>,M>o 

18.. 

7 

*i«.  O^IO 

8.rio 

28.. 

8.5 

a,  000 

2.S80 

19, 

2 

ih  um 

8,OU0 

34.. 

so.  tMH» 

2.1^ 

ao- 

1.5 

a,  000 

2,000 

25- 

30.  000 

1.760 

21.. 

.n 

1,000 

3,000 

S6- 

TJKX) 

if,  m) 

2a_. 

.8 

WHI 

3.O00 

3t.- 

8.0i>0 

iAm 

28... 

,5 

t»o 

!,600 

S§.. 

1 

l,tMM) 

t.lHX) 

;       s4  _ 

.5 

t« 

1,580 

Tl  TRBIDITV. 

As  all  the  usual  methods  for  the  determination  of  turbidity  are 
fairly  familiar,  having  been  repeatedly  described  in  numerous  scien- 
tific journals,  no  further  statements  are  necessary  here.  It  is  custom- 
ary at  the  present  time  to  adopt  as  a  basis  for  the  scale  of  each  an 
absolute  turbidity  produced  by  a  definite  amount  of  finely  divided 
silica  in  a  certain  volume  of  water.  The  scale  has  been  described 
by  its  originators,  Messrs.  (ieorge  C.  AAHiipph*  and  Daniel  D.  Jackson, 
in  Technology  Quarterly,  Vol.  XII,  No.  4,  December,  1899,  pages 
283-287. 
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UNITED  8TATE8  CIEOLOtilClL  HVRYET  TURBIDITY  BOD. 

DESCBIFTION. 

This  rod,  devised  by  Messrs.  Allen  Hazen  and  George  C.  Whipple, 
is  a  modification  of  the  original  Hazen  rod,  and  is  described  in  the 
following  extract  from  circular  No.  9  of  the  division  of  hydrography, 
United  States  Geological  Survey : 

Proponed  turbidity  standard. — The  standard  of  turbidity  shall  be  a  water 
which  contains  100  parts  of  silica  i)er  million  in  such  a  state  of  fineness  tliat  a 
bright  platinum  wire  1  millimeter  in  diameter  can  just  be  seen  when  tlie  center 
of  the  wire  is  100  millimeters  below  the  surface  of  the  water  and  the  eye  of  the 
observer  is  1.2  meters  above  the  wire,  the  observation  being  made  in  the  middle 
of  tlie  day,  in  the  open  air,  but  not  in  sunlight,  and  in  a  vessel  so  large  that  the 
sides  do  not  shut  out  the  light  so  as  to  influence  the  results.  The  turbidity  of 
such  water  shall  be  ICK). 

The  turbidity  of  waters  more  turbid  than  the  standard  shall  be  computed  as 
follows :  The  ratio  of  the  turbidity  of  the  water  to  100  shall  be  as  the  extended 
volume  is  to  the  original  volume  when  the  water  is  diluted  with  a  clear  water 
until  the  mixture  is  of  standard  turbidity. 

The  turbidities  of  waters  lower  than  the  standard  should  be  computed  as  fol- 
lows: The  ratio  of  the  turbidity  of  the  water  to  100  shall  be  as  the  ratio  of  the 
original  volume  of  water  of  standard  turbidity  is  to  the  extended  volume  when 
such  water  is  diluted  witli  clear  water  until  its  turbidity  is  equal  to  that  of  the 
water  under  examination. 

This  standard  can  l>e  used  in  both  field  and  laboratory.  In  the  field  the  wire 
method  will  be  employed  as  at  present,  except  for  a  new  graduation,  while  in  the 
laboratory-  the  methods  of  dilution  and  comparison  now  in  use  for  the  silica 
standard  will  be  employed. 

Method  of  application  to  the  plaiinum-wire  procenn. — A  rod  with  a  platinum 
wire  inserted  in  it  at  a  fixed  i)oint  and  projecting  from  it  at  a  riglit  angle  will 
be  used,  as  at  present.  The  graduation  shall  be  as  follows:  The  graduation 
mark  of  100  shall  be  placed  on  the  head  of  the  rod  at  a  distance  of  KM)  milli- 
meters from  the  center  of  the  wire.  Other  graduations  will  be  made,  l)ased  on 
the  l>est  obtainable  data,  in  sucli  a  way  that  when  a  water  is  diluteil  tlie  read- 
ings will  decrease  in  the  same  proj>ortion  as  the  i)ercentage  of  the  original  water 
in  the  mixture.  Such  a  rod.  having  the  graduation  shown  in  the  tabic*  below, 
shall  l>e  known  as  the  TTnited  States  Geological  Survey  turl)idity  rod  of  1902. 
When  this  rod  is  immersed  in  water,  the  visil)ility  of  the  proj(»cting  platinum 
wire  at  the  depth  from  the  surface  shown  in  the  second  column  will  determine 
the  degree  of  turbidity,  as  indicNited  in  the  first  column. 
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TnrliiditT. 

Depth  of 

WiF6. 

Oorre- 
■ponding 
Talueon 
r6ci|irocftl 

scale. 

TnrWdlty. 

'^'' 

Oorre- 
THhieoii 

mm. 

mm. 

7 

1,095 

0.028 

70 

188 

0.184 

8 

971 

.086 

75 

180 

.196 

9 

878 

.089 

80 

188 

.208 

10 

794 

.088 

85. 

116 

.819 

11 

789 

.085 

90 

110 

.880 

12 

674 

.088 

95 

105 

.848 

18 

687 

.041 

100 

100 

.854 

14 

587 

.048 

110 

98 

.878 

15 

551 

.046 

180 

86 

.896 

16 

580 

.049 

180 

81 

.814 

17 

498 

.058 

140 

76 

.884 

18 

468 

.054 

150 

78 

•   .85 

19 

446 

.057 

160 

68.7 

.V 

80 

486 

.060 

180 

68.4 

.41 

88 

891 

.065 

200 

57.4 

.44 

84 

861 

.070 

250 

49.1 

.58 

26 

886 

.076 

300 

48.2 

.59 

28 

314 

.081 

350 

38.8 

.65 

30 

296 

.086 

400 

35.4 

.72 

35 

257 

.099 

500 

30.9 

.82 

40 

228 

.111 

600 

27.7 

.92 

45 

205 

.124 

800 

23.4 

1.09 

50 

187 

.136 

1,000 

20.9 

1.21 

55 

171 

.148 

1.500 

17.1 

1.49 

60 

158 

.160     1 

2,000 

14.8 

1.72 

65 

147 

.172 

3,000 

12.1 

2.10 

This  table  is  compiled  from  observations  made  at  Cincinnati,  St.  Louis,  New 
Orleans,  Pittsburg,  Broolclyn,  Philadelphia,  and  Boston,  for  records  of  which 
we  are  indebted  to  several  observers.  The  values  of  the  turbidities  by  the  recip- 
rocal scale  are  included  in  the  table  for  convenience,  but  they  do  not  form  a  part 
of  the  standard. 

This  graduation  is  subject  to  revision  whenever  additional  data  shall  make 
it  necessary  and  revised  rods  shall  be  designate<l  by  the  same  name,  but  with 
the  year  of  revision  substituted  for  1902.  The  revisions  shall  have  as  their 
basis  the  100  mark,  1(X)  millimeters  from  the  wire. 

Near  the  end  of  the  rod,  at  a  distance  of  1.2  meters  from  the  platinum  wire, 
a  wire  ring  shall  be  placed  directly  above  the  wire,  through  which  the  observer 
will  look,  the  object  of  the  ring  being  to  control  the  distance  from  the  wire  to 
the  eye. 
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When  the  turbidity  is  greater  tlian  500  the  water  should  be  diluted  before  the 
ot>servatioii  is  made.  When  the  turbidity  is  below  7  this  method  can  not  be 
used,  and  comparison  should  be  made  with  the  silica  standard  properly  diluted 
in  lx)ttleH  or  tubes,  as  described  by  Whipple  and  Jackson  in  Technology  Quar- 
terly, Vol.  XII,  No.  4,  December,  1809. 

The  number  obtained  by  dividing  the  weight  of  suspended  matter  in  i)arts  per 
million  l)y  the  turbidity  as  obtainetl  above  shall  l>e  called  the  coefficient  of  flne- 
ne«s.  If  greater  than  unity  it  indicates  that  the  matter  in  suspension  in  the 
v\-iiter  is  coarser  than  the  standard ;  if  less  than  unity,  that  it  is  finer  than  the 
standard. 

This  standard  is  proposed  with  the  idea  of  combining  the  best  features  of  the 
I>lntinum-wire  and  silica  methods  of  measuring  turbidities  as  commonly  used, 
and  of  avoiding,  as  far  as  ]X)ssible,  the  objections  to  each. 

OBJECTIONS  TO  BOD   METHOD. 

The  method  of  turbidity  determination  above  outlined  answers 
*11  purpose^s  demanded  in  ordinary  use.  In  field  determinations  it 
l^a,s  many  objections  which  are  not  easily  overcome.  It  was  readily 
<>l:>served  in  practice  that  the  method  is  largely  a  test  of  the  individual 
^rid  that  the  point  at  which  the  wire  disappears  from  view  varies 
According  to  the  eyesight  of  the  observer.  Under  ordinary  condi- 
tions this  variation  is  not  sufficient  to  influence  the  interpretations 
placed  upon  the  results,  but  there  are  some  conditions  under  which 
^he  variation  would' be  large  enough  to  cause  considerable  error. 

Again,  the  method  was  found  to  be  inaccurate  and  imsafe  in  deter- 
mining turbidity  above  100.  It  is  also  difficult  to  select  the  conditions 
prescribed  in  the  directions  above  set  forth.  A  person  in  the  field 
ii^  governed  absolutely  by  the  conditions  which  he  meets,  and  it  is 
exceptional  when  he  is  able  to  be  at  a  desired  point  at  a  given  time. 
Therefore  the  observation,  which  nuist  he  made  "  in  the  middle  of  the 
day,  in  the  open  air,  but  not  in  sunlight,  and  in  a  vessel  so  large  that 
the  sides  do  not  shut  out  the  light,"  is  in  most  cases  an  undertaking 
of  extreme  difficulty.  Another  observation  is  more  important ;  it  is 
neces.sary  for  the  field  nuui  to  take  observations  in  the  running  stream. 
Obviously  it  would  \w  impracticable  to  carry  about  a  container  large 
enough  to  meet  these  j)res(Til)e(l  conditions,  and  in  the  majority  of 
cases  a  turbidity  reading  nuist  be  taken  at  long  distances  from  points 
at  which  such  containers  can  be  borrowed.  It  is  well  known  that 
in  many  cases  the  suspended  matter  in  running  streams  occurs  in 
clouds.  In  a  certain  section  of  the  stream  the  tui'bidity  at  one 
moment  may  be  high  and  at  the  next  moment  much  reduced,  or  vice 
versa.  Often  the  observer,  after  fixing  the  j)oint  at  which  the  plati- 
num wire  disap{x»ars,  finds  that  before  he  is  able  to  read  the  scale 
the  wire  is  either  j)lainly  in  sight  or  has  become  submerged  below  the 
point  of  correct  turbidity  reading. 
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'  All  these  objections  make  the  use  of  the  turbidity  rod  undesirable 
in  general  field  work.  AMiile  its  value  at  selected  stations  is  acknowl- 
edged, it  has  been  found  to  be  impracticable  under  less  favorable  cir- 
cumstances; consequently  a  new  method  was  sought. 

JACKSON'S  TUBBIDIMETKK. 

l)E8CRIl»TION. 

The  needs  of  the  Survey  were  found  to  l)e  met  in  a  satisfactorr 
manner  by  the  use  of  a  turbidimeter  devised  by  Mr.  Daniel  I).  Jack- 
son, chemist  in  charge  of  the  Mount  Prosix»ct  laboratory,  department 
of  water  supply,  gas,  and  electricity,  city  of  New  York.  The  follow- 
ing is  a  report  by  Mr.  Jackson  with  reference  to  this  instrunient : 

The  8usi)ende(l  matter  or  turbicUty  in  natural  waters  is  the  most  iiniiortaut 
physical  characteristic  in  many  sections  of  the  country.  lu  such  sections  the 
selection  of  new  water  supplies,  as  well  as  the  improvement  of  existing  sup- 
plies, rests,  to  a  verj-  great  extent.  uix)n  a  consideration  of  this  particular 
feature.  These  milky  or  muddy  waters  are  often  (luite  variable  in  the  amount 
and  nature  of  their  suspended  matter,  and,  in  case  they  are  to  be  imrified, 
require  considerable  study  to  determine  the  proi)er  treatment. 

When  the  maximum  and  the  average  turbidity  in  a  water  are  known,  questions 
may  be  solved  relating  to  the  nature,  size,  and  construction  of  settling  Iwsius, 
filter  plants,  and  clear-water  reservoirs,  and,  finally,  in  determining  the  effi 
ciency  of  the  removal  of  susi>ende<l  matter  in  such  filter  plants  we  must  know 
the  turbidity  of  the  water  before  and  after  filtration. 

The  hydrographlc  branch  of  tlic  riiitiMl  States  Geological  Sun-ey  is  par- 
ticularly interested  in  devoloping  a<*(nratc  Miid  rapi<l  luetluHls  for  the  deter 
miiiation  nf  turlMdity,  Ixitli  for  data  relating  to  water  supplies  as  well  ii^^ 
relating  to  tlie  erosion  and  the*  carrying  power  of  susinMide<l  matter  i>y  rivei-s 
and  streams.  It  is  necessary  tiiat  tlie  tiel<i  nwtliods  sliould  l)e  coniparal)!*'  witli 
those  of  tiie  lai>oratory.  tliat  tlie  work  slionld  be  rapidly  acctmiplislunl,  and  tlini 
the  results  slionld  express,  as  nearly  as  possible,  the  actual  weight  of  tlu* 
suspended  matter  present. 

If  we  determine  tlie  total  solids  in  a  water  befoi-e  and  after  filtration  tliroii;:U 
a  Berkfeld  filter,  the  difl'erence  in  the  results  obtaiiKMl  will  give  the  weiglit  ol* 
the  suspended  inatt(»r  present,  bnt  this  met  bod  is  tedious  in  the  laboratory  ami 
imiH>ssible  in  tb(»  field.     It  is  evident   that  soni<»  photometric  standanl  of  com- 
parison   must    be   used,    and   extensive   studies    liav(»   sliown   that    whatever   tlu^ 
instrunient   employed   for  this  jairpose   it   should   i)e  graduated  by   a    standar«i 
turbid  water.     Tlu^  standard  now  <'niploy<'d  is  known  as  the  '*  silica  standanl." 
and  is  made  from  diatoniaceons  eai'tb.'^ 

This  standard  is  preferaide  to  all  otliers  that  liavi»  been  used  in  that  it  is 
absolutely  insohil)le.  lias  a  very  uniform  size  of  i»arli<le.  aial,  unlike  <-lay.  {\ov^ 
not  cake  together  on  standing.  The  diatomaceous  eai-tb  (infusorial  eartln  is 
f<mn(l  in  natm-al  deposits  in  many  i»arts  of  tlie  country.  To  prepare  tlic 
standard  this  material  is  first  washed  and  ignit<Mi  t«>  free  it  from  organic  matter. 
It  is  then  groimd  to  an  inipalpal)Ie  powder  in  an  agate  mortar,  put  through  a  -«">- 
mesh  si<'ve  to  lu'eak  nj*  the  luni|>s  produced  in  grinding,  treattnl  with  dilute 
hydrochloric  acid,  and  the  finest  imrtion  decante<l.  This  line  |>ortion  is  tlieii 
drieil  at  Kmi"  ('.,  cooled  in  a  d<'siccator.  and  kejit  in  a  tightly  stoppennl  bottle. 

"Whipple,  a.  ('..  and  .Tackson.  1).  !>..  Silha  staiulanls  for  the  doterrainatlon  of  the 
turbidity  in  water:   Teehn.  <Juart..  v«.l.  11'.  N«..  4.  I>«m-..   Is'M). 
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3iie  t^ram  of  this  material  is  weighed  out  and  put  into  1  liter  of  distilled  water. 
e  mixture  represents  a  standard  of  1,(XX)  parts  per  million  of  silica  turbidity, 
d  dilutions  may  l)e  made  from  this  for  comiuirlson  with  natural  waters. 
sidiu}jrs  made  with  this  standard  compare  very  well  with  the  actual  weight 
th<»  susi)ended  matter  in  water,  but  it  has  lieen  found  that  the  standard  as 
?pare<l  varies  slightly  when  made  by  different  analysts.  The  author  now  pro- 
ses to  make  the  standard  absolute  by  making  readings  on  the  candle  turbidim- 
"r  and  so  adjusting  the  mixture  that  the  standard  of  1,<J(K)  parts  per  million 
II  always  read  2.:^  centimeters  <m  the  Instrument. 

T.HB    CAXDLK    TrRBIDIMKTEU. 

riie  original  form  of  this  instrument  was  first  described  by  the  writer  in  the 
iinial  iit  the  American  C-hemical  Soi-lety,  November,  11)01,  but  since  that  time 
lias  been  considerably  improved  upon.  The  accompanying  Illustration  gives 
:«Kxl  idea  of  the  present  form  of  the  instrument  and  its  use,  [See  PI.  I.]  The 
paratus  consists  of  a  glass  tul)e,  cIosihI  at  the  bottom  and  graduated  in  centi- 
•ters  and  millimeters  depth.  This  is  surrounded  l)y  a  brass  holder,  oi)en  at  the 
ttom  and  sup|)orted  by  a  stand,  in  the  center  of  which  is  a  standard  English 
ndle,  so  adjusted  by  means  of  a  spring  l)elow  that  its  top  rim  is  always  just 
uches  l>elow  the  bottom  of  the  glass  tul>e. 

The  water  to  l>e  determined  for  turbidity  Is  poured  into  the  glass  tube  until  the 
Jigc  of  the  lighted  candle  Inflow  just  dlsapiK»ai*s.'»  The  depth  of  the  water  in  the 
t>e  is  then  read  (using  the  bottom  of  the  meniscus),  and  this  depth  is  compared 
th  a  table  which  gives  the  turl>idity  of  the  water  in  parts  \)er  milllrm  of 
ifji.  The  tube  itself  may  Iw  graduated  in  turbidity  as  well  as  in  millimeters 
I>th.  thus  disi^ensing  with  the  use  of  the  table.  Between  r),()(K)*aud  KX)  parts 
r  million  of  silica  a  tul)e  25  centimeters  in  length  is  nin^ssary,  or  a  comi)arison 
th  silica  standards  in  tul>es  or  lK)ttles  may  be  substituted.  The  candle  instru- 
f*nt  is  ver>'  convenient  in  the  laboratory,  and  as  its  source  of  light  is  the*  stand- 
d  caudle  it  is  ready  f(»r  use  at  all  times.  The  candle  nuist  always  Iw  i»roi)erly 
imuiwl,  and  the  detennination  must  be  made  rapidly,  so  as  not  to  heat  the 
luld  to  any  extent.  The  most  accurate  work  is  obtained  in  a  dark  r(K)ni.  and 
e  candle  should  Ik*  so  place<l  as  not  to  Iw  sul)jected  to  a  draft  of  air.  The 
tter  necessity  renders  tlie  instrument  absolutely  imi)ossible  for  use  in  the 
Id. 

Several  fonns  of  field  api)aratus  in  which  the  candle  was  employed  as  a 
Urcv  of  light  were  attempt<Ml,  but  were  entirely  unsucressful,  and  it  was  found 
<^^*ssary  to  resort  to  the  electric  light  for  field  use. 

TirE    KLKrTUir    TlUHiniMKTKK. 

This  instnunent  was  designe<l  by  the  author  for  the  use  of  the  hydrograpliic 

anch  of  the  Tnlted  States  (Jeological   Survey,  and   is  intended  for  field  use 

ily.     Its  (Hmstruction   is  so  regulated  as  to  l>e  exactly  comparable  witli   the 

ndle  turbidimeter,  and  the  measuring  tnl)es  for  each  liave  l)een  made  iiiter- 

'ungeable. 

The  electric  turbidimeter  as  sliowu   in   lig.   1   consists  of  the  sana*  graduated 

nss  tul>e  as  described  for  tlie  candle  turbidimeter.  incIos<Ml  in  a  similar  manner 

*  It  has  been  found  in  jutual  tiold  work  that  thr  oud  point  in  the  electric  turbidimeter, 
*.  the  dlHappearance  of  tlie  cross  of  lij^ht.  is  },'euerally  sharper  and  lesK  subject  to  per- 
Jial  errors  than  the  end  point  al»ove  designated.  This  is  especially  true  when  the  two 
struments  are  used  by  the  same  person,  i.  e..  a  common  end  point  is  more  satisfactory. 
h«  Oeolofi^ical  Survey  has  therefore  placed  the  iilana  plate  and  cross  disk  in  the  candle 
•rbldimeter. 
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by  a  brass  bolder  (A)  open  at  tbe  bottom.  Tbis  bolder  is  attacbed  to  tb^  eoAd 
a  brass  cylinder  (m)  containing  a  2.5-yoIt  dry  battery  (C)  and  a  2i^Tolt 
ligbt  (d).  Above  tbe  electric-ligbt  bulb,  at  a  distance  of  1  oeotliiielier,  is  a 
of  glass  (e)  wbieb  is  ground  on  tbe  und^  side.  Imm^iately  above  tbis  is  a 
brass  disk  (b)  1  millimeter  tbick,  tbrougb  tbe  center  of  wbidi  a  cnws  is  cat  {Bh 
1^  Jines  in  tbis  cross  are  0.5  millimeter  wide.  From  tbe  top  of  tbe  brass  plate 
to  tte  bottom  of  tbe  graduated  glass  tube  tbe  distance  is  just  1  e^itimeter. 

!Fo.]nake  a  determination  witb  tbe  electric  turbidimeter,  firat  poor  tbe  toiM 
water  to  be  tested  l^ck  and  fortb  from  tbe  glass  tube  to  anotber  vessel  «al0 
it  is  tiioroughly  mixed,  and  tben  turn  on  tbe  ligbt  by  adjusting  tbe  screw  (/) 
at  tbe  bottom  of  tbe  instrument  Place  tbe  graduated  giass  tube  in  tbe  bolder, 
wliicb  bas  been  screwed  into  place  alx>ve  tbe  ligbt,  and  pour  tbe  turbid  water 

into  tbe  tube  until  tbe  cross  of  ligbt  jost 
disappears.  If  tbe  tube  is  not  graduated 
directly  in  parts  per  million  of  silica,  read 
tbe  deptb  in  millimeters  of  tbe  wat^  in  tbt 
tube  and  refer  to  tbe  table  itfven  lat^.  Ii 
reading  use  tbe  bottom  of  tbe  mmtscos  ai 
tbe  reading  point  In  tbe  lower  part  of  tbe 
tube  read  past  tbe  disai^ieazaiioe  of  tlie 
sbarp  cross  of  ligbt  to  tbe  4kmppesTanc6  of 
tbe  bazy  cross  of  ligbt  In  tills  way  tbe 
end  point  is  tlie  same  as  ta  tbe  candle 
turbidimeter.  Higber  up  in  tiie  tube  tbere  is 
only  tbe  sbarp  cross  of  ligbt  tat  an  «id  point 
If  tbe  turbidity  is  above  100  parts  per 
million  use  tbe  sbort  tube  (25  oentbnetefs 
long).  If  tbe  turbidity  is  between  100  parti 
and  25  parts  per  million  tbe  long  tube  (75 
centimeters)  may  be  employed,  but  at -any 
lK)int  below  100  the  glass  tube  and  the 
bolder  may  be  removed  and  tbe  instrument 
lowered  directly  into  the  turbid  water  by 
means  of  a  steel  millimeter  tape.  Any  de- 
gree of  turbidity  may  be  read  in  this  manner 
provided  the  water  is  sufficiently  deep. 

If  the  water  is  shallow  and  below  25 
turbidit>\  close  estimations  may  be  made 
by  holding  a  bottle  of  the  water  tow^ard  tbe 
light  and  comparing  it  with  the  remem- 
bered appearance  of  standards  of  5,  10,  15,  and  20  parts  per  million  in  bottles 
of  the  same  size. 

In  the  determination  of  turbidity  with  Jackson's  turbidimeter 
many  of  the  objections  to  the  use  of  the  United  States  Geological  Sur- 
vey turbidity  rod  are  avoided.  As  the  standard  illumination  is  a 
part  of  the  apparatus  itself  rather  than  the  sun,  none  of  the  limita- 
tions which  apply  to  the  use  of  the  rod,  such  as  time  of  day,  shade, 
etc.,  are  necessary  considerations.  The  instrument  may  be  used  at 
night  if  desired.  As  the  sample  to  be  tested  is  collected  from  the 
body  of  water  under  observation,  inaccuracies  due  to  moving  water 
and  variations  in  turbidity  caused  thereby  are  avoided,  and  it  is  not 
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Fig.  1. — Jackson's  electric  turbidi- 
meter. 


SUSPEKDED   MATTEB. 
*suJt8  of  t^ts  of  6'inch  2'Cell  **ReUabl€  "  baffery— Continued. 

BATTERY  NO.  3.     ' 


81 


At  end  of—                            • 

Current. 

Amperr. 
0.273 
.270 
.265 
.262 
.260 
.258 
.255 
.258 
.252 
.251 
.250 

LOHS.         1 

Ampere. 

E.M.F. 

Light. 

VolU. 
2.82 

Bright. 

0.008 
.005 
.003 
.002 
.002 
.003 
.002  ' 
.001 
.001 

.001  1 

1 

0 

2.60 

Bright. 

.028  ' 

BATTKKY   NO.  l\  AVlTVAi  UEST  OF  90  MINT'TES. 


2.70  ,  Bright. 


2. 50     Bright. 


.018 


tterios  \\\nv  iioxt  tested  for  recuperation  by  alternating  one 
"  use  with  fiv(»  minutes  of  rest,  as  follows: 


BATTKKV    NO.    1. 


Period. 


Initial 
cum'nt. 


Final 
cuiTent 


Drop  in  '    Initial    .     Final 
current,    voltage,    voltage. 


Drop  in 
voltage. 


te 0.248 
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Results  of  tmfs  of  fSinch  2-€€U  '*lMiahJ€''  dtfl^eri^— Contliiiwd. 
BAITKUV    NO.    I    AFTEtt   A    REBT   OF   9«    MINt-TES- 


At  etwS  tif— 


0  minute. 

1  minute. 

2  miniitefl 

3  minntea, 
4mmuta$ 
5  miuutes 
d  rainutes 
7  minutea 
S  minutes 
0  minutes 

10  miuutes 


Current 


0.250 
.S45 

,341 

.urn 

.334 


Amfw^rr. 


J)02 
.1)02 

Ami 

.000 
.OUl 
.000 


2.<«  I  BHgt 


.om 


2,54)  I  Bright 


IlATTEliY   NO.   2. 

0  mlntite ,  - . , ,  ^ . 

o.aTS 

2,  HP]  '  llriirbi 

1  minute .  

.368 

0,004 

2  minataii. ...... 

.^1 

.003 

3  miiint<5« 

.2fi3 

.on^j 

4  minute«. , 

.358 

.ori:i 

5miiiute«       

<l  minutMM 

.255 
.353 

,oci;i 
.m2 

7  minutt^ 

-  r^-  f*  •  T  ;  •  T  •  "*  '  " 

...  ..  ..1 

9  minutefl.       .  . 

...  *  .^m. .••......_ 

.351 

jnn 

' 

9  minntea. 

.350 

.001 

...  1 

10  minute:! 

-..«......**-^^ 

,24» 

.001 

2.m    Briffbt 

-(m 

BATTKUY   NO.    2   AF^ER    A   REST   OP'  00    MINUTES. 


0  minute 

0. 263 
.  258 
.  253 
.252 
.250 
.248 
.246 
.245 
.244 
.243 
.243 

0.005 
.005 
.001 
.002 
.002 
.002 
.001 
.001 
.001 
.000 

2.70 

Bright: 

1  minute . . . 

2  minutes. 

3  minutes 

4  minutes          . 

5  minutes.  .  • 

6  minutes 



7  minutes 

8  minutes..        

9  minutes 

JO  minutes 

2.52 

Bright 

.020 

SUSPENDED   MATTEB. 
esults  of  tests  of  6'inch  2-cell  **Reliable  "  batteru — Continued. 

BATTERY  NO.  3.  ' 


81 


At  end  of—                           • 

Current. 

Ampere. 
0.273 
.270 
.265 
.262 
.260 
.258 
.255 
.258 
.252 
.251 
.  250 

L068. 

E.  M.  F. 

Light. 

Ampere. 

0.003 
.005 
.003 
.002 
.002 
.003 
.002 
.001 
.001 
.001 

VolU. 
2.82 

Bright. 



8                                         

2.60 

Bright. 

0 

.028 

BATTERY  NO.  3  AFTER  REST  OF  90  MINUTES. 


0. 256 



2.70 

Bright. 

.252 

0.004 
.003 
.003 
.002 

.249 

.246 

.244 



.243 

.001 

.242 

.001 

.    . . 

.241 

.001 



.240 

^   .001 
.001 

.239 

.238 

.001 
.018 

2. 50 

Bright. 

itteries  wen*  next  tested  for  recuperation  by  alternating  one 
if  use  with  five  minutes  of  rest,  as  follows: 


BATTERY   NO.    1. 


Period. 


Drop  in 
voltage. 
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BATTBRT  NO.  2. 


im9U 


p«rioa. 

Initial 

CaiTBtlt. 

Pliial 

OtUTBOt* 

Drop  in 
eumntb 

Inittet 

niutl 

1POlfti««. 

issSi 

HSmf  mlrintA 

Ampere, 
0.249 
.249 
.248 
.247 
.247 

Ampere. 

^245 
.346 
.245 
.248 
.248 

Ampere. 
0.004 
.004 
.008 
.004 
.004 

2.68 
2.68 
2.63 
2.62 
2.68 

2.56 
2.56 
2.56 
2.56 
,2.60 

0  07 

Second  minute  , ,, . 

.07 

Thiivl  raipiite^ . , , 

.07 

Fotirtii  minnte 

.06 

Fifth  minute 

.08 

BATTBRY  NO.  8 

0.260 
.257 
.255 
.254 
.258 

0.255 
.258 
.251^ 
.260 
.249 

0.005 

.004 

.     .004 

.004 

.004 

2,76 
2.72 
'2.70 
2.70 
2.66 

2.66 
2.66 
2.68 
2.68 
f.60 

0.1f 

Second  minnte  .   .             

M 

'I*hi'd  minnte . 

.19 

Fcmrtn  minnte  .  - 

.67 

Fiftu  minnte 

M 

Highest  voltage  obeerred ._. 2.81 

Lowest  voltage  observed . j: «_    2.90 


Bxtreme   variation .32 

Reckoned  on  an  average  voltage  of  2.66  volts,  this  is  a  yariation  of 
12  per  cent. 

Ampere. 

Highest  amperage  observed 0.273 

Lowest  amperage  observed .234 


Maximum   variation. 


.039 

Reckoned  on  an  average'aniperage  of  0.248  ampere  this  is  a  variation 
of  16  per  cent  in  current.  The  drop  in  current  averages  0.002 
ampere  per  minute,  or  about  0.8  per  cent. 

It  will  be  seen  from  these  results  that  the  battery  is  quick  in  recov- 
ery and  that  while  in  use  the  reduction  in  electromotive  force 
is  comparatively  small.  The  change  in  current  observed  in  the  bat- 
teries tested  does  not  cause  any  error  in  a  turbidity  estimation. 
Readings  were  made  at  different  times  with  a  standard  of  turbidity 
corresponding  to  250  parts  per  million  of  silica,  and  in  every  case  the 
variation  in  depth  of  liquid  read  in  the  graduated  tube  came  within 
the  probable  deviation  occurring  in  reading.  The  ordinary  varia- 
tion of  current  in  the  battery  does  not  affect  the  accuracy  of  the 
instrument  to  a  measurable  degree. 

This  battery  will  remain  effective  under  ordinary  conditions  from 
fifty  to  sixty  days,  at  the  end  of  which  time  it  is  advisable  to  change 
the  cartridge. 
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ElectriC'hulb  test — Several  lights  were  tested  to  see  if  there  were  a 
noticeable  deviation  in  the  intensity  of  light  produced.  The  test  of 
four  sample  lights  is  here  given : 


Battery. 

Lamp 
No.f. 

No.£ 

Ijamp 

No.  a. 

Tjamp 
No.i. 

No.  1... 

8.7 
8.6 

8.5  1        8.4 
8.  A           8.2 

7.7 

8.0 
7.9 

No.  2 

No.  3.... 

1         — 
8.9  ,         8.5  '         8.3 

The  numbers  given  are  the  depths  in  centimeters  produced  by  using 
a  standard  turbidity  of  250  with  different  batteries  and  lights.  The 
mean  of  these  observations  is  8.4,  while  the  average  deviation  from  the 
mean  is  0.3,  which  brings  three  of  the  lamps  within  the  limit  allowed 
on  individual  readings  under  constant  conditions;  the  fourth  light, 
however,  falls  without  the  limit  of  error.  The  lamps  were  chosen 
at  random  from  a  stock  of  2.5-volt  lights.  It  is  evident  that  here  is  a 
variation  which  must  be  overcome.  It  may  be  done  by  buying  a 
large  stock  of  lamps  and  selecting  only  such  as  come  within  the  stand- 
ard conditions,  or  by  buying  lamps  of  guaranteed  candle  power. 
In  conclusion  it  may  be  said  that  it  is  well  to  test  a  new  lamp  with 
^•ilica  standard  before  using  it  in  the  field. 

Gl<is8'])late  test, — The  glass  diaphragm  placed  over  the  lamp  is 
ground  on  one  side  in  order  to  tone  and  diffuse  the  rays  from  the 
electric  light.  It  also  makes  possible  the  use  of  a  much  shorter 
^lass  tube  than  would  otherwise  be  necessary,  and  it  reduces  varia- 
tion in  candlepower  in  the  effect  thereof  on  turbidity  determina- 
tions. It  appears  to  be  possible  to  procure  glasses  which  are  ground 
to  the  same  opacity.  Different  glasses  were  tried  in  the  instrument 
without  any  apparent  effect  on  the  depth  of  turbid  liquid  required 
to  shut  off  the  light.  It  may  be  said  in  connection  with  the  ground 
glass  that  the  cross  slit  of  brass  al)ove  it  should  be  constant  in  width 
of  aperture.  As  this  offers  no  mechanical  difficulties,  no  experi- 
ments were  made  to  determine  the  effect  of  variation  in  the  width 
of  the  slit. 

Calibration  for  t\irl)i(lity, — When  work  was  begun  on  the  calibra- 
tion of  the  instrument  it  was  necessary  to  ]^repare  a  standard  silica 
solution.  The  standard  heretofon*  used  has  been  very  difficult  to 
match  on  account  of  the  difficulty  of  gi'inding  the  silica  fine  enough 
to  reach  the  required  turbidity.  The  standard  is  such  that  it  gives 
«  reading  of  500  parts  per  million  at  a  depth  of  4.5  centimeters, 
^'hile  the  standard  prepared  by  ordinary  grinding  gives  a  reading 
of  500  parts  j)er  million  at  a  depth  of  about  5,7  centimeters.    Several 
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I  CaHhration  of  turbidmeter  for  Mana<^rd  of  20&  jmris  per  mUIion  iurUdi 

I  rCeotimetere,     Eicca*  of  arera^  devIatJon  Indicated  by  ItaJlc  figures.  1 

^  Meati^!a7.,1~rl7«l1.0.     krengt  dfrvlatlMi— £,0^-17-=  0.2. 

Tlic  deviation  of  r»  of  the  17  observations  exceeds  0.2  ceatimei 
he  average  deviation.  Only  3  observations  exceed  0.3  centimeter 
ieviatjon*  Under  ordinary  circiinistanees  we  may  consider  0,3  c 
onieter  as  the  average  deviation. 

'  CaUbritfifm  of  rurhhfifnffey  for  .Hfnn^nrff  nf  JOfi  pnrin  prr  million  furhiM 
[Centimeteni.     Excess  of  average  deviation  indicated  by  italic  flgares.] 


Devifttian. 

iLa 

$a 

10.6 

0^4 

UA    1 

A 

11.  !i 

,S 

U.l 

A 

ILl 

A 

11.  d 

.0 

11.1 

A 

UJ} 

.0 

ILO 

.0 

10. 9 

.1 

11.0 

.0 

11.1 

,5 

A 

10.® 

•  1 

187*8 

».t 

10.7 

.J 

Beading. 

Deviation. 

Beading. 

Deviation. 

21.9 

0.2 

21.9 

0.2 

21.5 

.2 

22.2 

.5 

21.6 

.1 

21.0 

.7 

21.1 

,6 

21.9 

.2 

22.2 

,5 

1         21.5 

.2 

21.0 

'V 

21.9 

.2 

21.9 
21.5 

.2 
.2 

!       303. 1 

1 

1 

4.7 

Mean=.303.1-M4=21.7.     Average  deviation=4.7 -7-14=0.3. 

The  deviation  of  5  of  the  14  observations  exceeds  0.3  centime 
the  average  deviation.  Probably  0.4  centimeter  would  be  the  o 
nary  deviation.  If  we  reckon  0.4  as  the  average  deviation,  meai 
21.8.    Probably  21.7  is  correct. 
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ration  of  turbidimeter  for  standard  of  125  parts  per  million  turbidity. 
[Centimeters.    Excess  of  average  deyiation  Indicated  by  Italic  figures.] 


Beading. 

Deviation. 

Beading. 

Deviation. 

17.8 

0.0 

17.2 

.1 

16.7 

.6' 

17.5 

.2 

17.2 
17.4 
17.3 

.1 
.1 
.0 

17.4 

.1 

155.6 

1.5 

17.6 

.3 

Mean  —  155.6  -^  0  »  17.3.     Average  deviation  »  1.5  ^  9  —  0.2. 

average  deviation  from  9  readings  is  0.2  centimeter  and  is 
ed  by  only  2  readings.  Probably  more  readings  would  give 
r  deviations  and  the  average  deviation  would  be  increased. 

ration  of  turbidimeter  for  standard  of  500  parts  per  million  turbidity. 
[Centimeters.     Excess  of  average  deviation  indicated  by  italic  figures.] 


Beading. 

Deviation. 

Beading. 

Deviation. 

4.4 
4.6 
4.5 
4.4 
•      4.4 

0.1 
.1 
.0 
.1 
.1 

4.6 
4.5 

.1 
.0 

31.4 

.5 

Mean=31.4-i- 7=4.5.     Average  deviation=>0.5-i-7=»0.1. 

Ugh  only  7  readings  are  here  given,  many  more  were  taken 
it  getting  anomalous  results.     The  probable  deviation  is  0.1 
leter  and  will  not  be  exceeded.     Mean =4.5  centimeters. 
bidity  of  IfiOO  parts  per  million. — From  many  observations 
erent  times,  2.3  centimeters  is  the  reading  for  1,000  standard. 

Average  deviation =0.1  centimeter. 
Mean  =2.3  centimeters. 

have,  then,  determined  by  actual  experiment  the  depth  cor- 
iding  to  6  turbidities : 

urbidity 100         125        200        250        500         1,000 

eptb    (centimeters)--     21.7       17.3       11.0         8.7         4.5  2.3 
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These  points  are  then  plotted  on  logarithmic  cross-section  paper 
(fig.  2)  and  intermediate  points  determined  by  measurement  o& 
the  plot. 

Below  100,  depths  have  been  determined  at  50  and  at  25  by  using  a 
longer  tube,  with  which  the  effect  will  be  the  same  as  lowering  the 
li^t  into  the  standard  by  means  of  a  tape.    The  observations  made 
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-Lof?arithmic  Hcale  of  turbidity. 


at  50  and  25  seem  to  indicate  that  the  curve  begins  to  swing  away 
from  its  course  at  100.  This  change  may  l)e  due  to  the  fact  that  the 
distam^e  between  light  and  eye  is  increased.  From  1,000  to  100  the 
light  is  25  centimeters  from  the  eye;  at  50  it  is  40  centimeters  away, 
while  at  25  the  distance  is  65  centimeters.  The  readings  are  as 
follows : 
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Hon  of  turbidimeter  for  ntandanl  of  ',0  anil  2.7  partft  per  milUon  turbidity. 
rCentimetera.]  [Centlmetere.! 


346.8 


25  parts.  , 

64 
61 
56 
61 

6:< 

60 
65 

430 


Mean=4:u>-^7=61. 


Mean— 346.8 -i- 10«34.7. 


4O0  SCO  600 

Parts  per  million  ofst/ica 

Fig.  3. — Turbidity  curve. 
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These  readings  may  not  be  accurate.  Fvaiher  expmmenis 
dbow  that  they  are  too  low.  At  most,  howev^,  they  are  with 
{Mtrts  per  million  of  silica  in  their  relation  to  the  real  values  (fi| 
The  limit  of  accuracy  between  100  and  1,000  is  wdU  defined  froo 
points  determined. 

From  the  values  heretofore  determined  the  depths  of  liquid  ii 
turbidimeter  corresponding  to  a  silica  standard  of  turbidity  an 
forth  in  the  following  table : 

Turbidity  determinations. 


Depth. 

Silica. 

Depth. 

Silioa. 

Cm. 

miUion. 

Cm. 

Parttper 

2.8 

1,000 

40.5 

210 

3.6 

900 

11.0 

200 

2.9 

800 

11.5 

190 

8.2 

700 

12.1 

180 

8.5 

650 

12.8 

170 

8.8 

600 

18.6 

160 

4.1 

550 

14.4 

150 

4.5 

500 

15.4 

140 

4.9 

450 

16.6 

180 

5.6 

400 

18.0 

120 

6.3 

350 

19.6 

110 

7,3 

800 

!  21.7 

100 

7.6 

290 

23. 0 

90 

7.8 

280 

\     25. 0 

80 

8.1 

270 

28. 0 

70 

8.5 

260 

31.0 

60 

8.7 

250 

35. 0 

50 

9.1 

240 

42.  0 

40 

9.5 

230 

52.0 

30 

10.0 

220 

70.0 

20 

DETEBAf  I  NATION    OF   THK   I'KOUAHLE   ERROR. 


Readings  on  the  same  standard  solution  with  the  same  bal 
and  light  by  the  same  {person  will  vary  within  narrow  limits.  T 
limits  have  been  determined  for  several  points  and  calculate* 
average  deviation. 


N.] 

COLOR. 

Limits  of  accuracy  on  dui)Ucate  readings. 

Standard. 

'•■  Average  devi- 
j  ation  in  centi- 
meters. 

Limit  of  accuracy  in  parts  per  million. 

1,000 

0. 1  1  Reading  correct  within  35  parts. 

500 

1                 . 1  !  Reading  correct  within  15  parts. 

350 

i                 .  3  1  Reading  correct  within  10  parts. 

200 

.  3  j  Reading  correct  within  8  i^arts. 

100 

'                 .4     Reading  correct  within  5  parts. 

50 

1  Reading  correct  vrithin  5  parts. 

30 

. .  - '  Reading  correct  within  5  parts. 

i 
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Q  other  words,  a  turbidity  between  500  and  1,000  parts  can  be 
Lsured  accurately  within  35  parts.  Between  200 -and  500  parts 
surement  can  be  made  within  10  to  15  parts,  and  between  50  and 
within  5  to  8  parts  per  million. 

he  limit  of  accuracy  is  not  changed  by  change  of  observers.  Since 
thing  seen  is  a  ray  of  light,  it  appears  to  be  visible  to  any  eye  and 
ears  to  be  shut  oflf  at  the  same  depth  for  different  observers, 
he  limit  is  greater  than  that  change  in  depth  caused  by  normal 
iations  in  the  current.  Therefore  the  limit  of  accuracy  is  not 
•eased  by  variations  in  the  battery  within  ordinary  limits, 
hanges  in  the  electric  bulb  can  introduce  a  constant  error  greater 
11  the  probable  error  in  determination.  Therefore  only  such 
ips  should  be  used  as  have  been  tested  with  a  standard  silica 
ition. 

n  the  general  field  work  of  the  hydrographic  branch  the  field 
istants  and  those  cooperating  are  instructed  to  use  the  Jackson  tur- 
imeter  in  connection  with  all  waters  having  a  turbidity  of  more 
n  100,  while  the  turbidity  rod  could  be  used  in  waters  having  a 
er  turbidity.  The  objections  mentioned  in  connection  with  the 
of  this  rod  are  not  so  serious  in  the  determination  of  low  tur- 
ities. 

COLOR. 


OCCl  KKKNCE. 

rhe  term  "  color "'  as  used  in  water  chemistry  should  not  bo  con- 
iuded  with  the  term  as  ordinarily  used.  The  streams  of  the  Missis- 
pi  Valley,  and  indeed  the  great  river  itself,  appear  highly  colored, 
e  will  find  rivers  which  are  habitually  red,  yellow,  brown,  or  black 
appearance.  This  color  is  not  due  to  the  water  itself,  but  to  the 
iracter  of  the  matter  which  is  carried  in  suspension.  It  is  a  factor 
the  turbidity,  and  reveals  the  nature  of  the  geologic  formations 
•ded  by  the  flowing  water.     On  the  other  hand,  waters  may  have  a. 
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color  due  to  dissolved  substances,  and  this  is  the  feature  referred  to 
by  the  term  as  used  in  water  analysis. 

In  those  parts  of  the  ITnited  States  where  the  underlying  rock  is 
resistant — that  is,  where  it  does  not  readily  break  up  and  disintegrate 
under  the  forces  of  erosion — we  usually  find  colored  wat«r.  At  first 
sight  it  seems  paradoxical  that  the  clear  waters  of  New  England, 
many  of  which  drain  from  granitic  formations  and  hills  of  gravel 
are  colored,  while  those  of  the  Central  West,  which  carry  large 
amounts  of  suspended  matter  eroded  from  the  surface,  are,  when  freed 
from  turbidity,  nearly  colorless.  In  many  cases  this  is  due  to  the  fact 
that  the  substances  in  suspension  are  of  such  nature  that  they  absorb 
any  color  which  might  have  l>een  dissolved.  On  the  other  hand,  in 
New  England  streams  the  color  due  to  the  decay  of  vegetable  matter, 
such  as  peat  or  nuick,  remains  in  solution,  and  while  the  water  is  gen- 
erally very  clear  the  color  itself  is  apparent  in  varying  degrees. 

The  importance  of  the  color  determination  arises  from  the  fact  that 
in  public  supplies  consumers  demand  a  clear,  colorless  liquid,  and 
are  reluctant  to  accept  any  other.  In  maimfacturing  processes  a 
colored  water  often  works  harm.  In  certain  classes  of  waters  the 
dissolved  color  is  a  fair  index  of  the  amount  of  organic  matter  con- 
tained. These  facts  pertain  primarily  to  unpolluted  water,  for  it  Ls 
apparent  that  a  water  contaminated  by  wastes  miay  have  colors  aris- 
ing from  sources  such  as  dyes,  sediments,  etc.  On  the  whole,  the  color 
of  a  natural  water  which  can  l)c  "nppliod  to  domestic  and  manufac- 
turing purposes  affects  its  value  al()n<i:  economic  lines.  The  periodical 
determination  of  dissolved  color  is  necessary,  as  its  intensity  varies 
with  the  seasons  and  is  inHiieuced  bv  sunli<rht,  precipitation,  and 
various  other  natural  phenomena. 

COLOK    STANDAHDS. 
<iKOLO<a('AL  SUKVKY  STANDARD. 

The  standard  of  color  deternii nations  adopted  by  the  United  States 
(icolo^ical  Survey  is  known  as  the  platinuni-col)alt  method,  deviseil 
l)V  Mr.  Allen  llazen.  from  whom  so  many  practical  and  extremely 
valuable  ideas  with  reference  lo  the  determination  of  quality  of  water 
have  rouu\ 

The  method  is  as  follows: 

A  standard  solution  which  has  a  color  of  500  is  made  by  dis- 
solving l.-JMi  <j^ranis  potassiiini-platinic  chloride"  (PtCl4,2KCl), 
containin<i  0.r>  <i:rani  platinum,  and  1  <j^ram  of  crystallized  cobalt 
chloride  (C'oCl.,r)lt.()),  containin<r  O.-Jf)  <ri\nn  of  cobalt  in  water,  with 

"  I'otassium-platlnous  chlori*!**  is  a  salt  that  is  oft«»n  substituted  by  dealers  in  place  of 
the  potassium-plat inic  cliloridc  It  is  soinrtinies  IncomM'tly  ial>ele<l.  The  platinoiiR  salt 
lias  a  reddish  color,  while  the  platinic  salt  has  a  yellow  <'olor. 
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'?- ■    100  ciibic  centimeters  concentratcHi  hydrochloric  acid,  and  making  up 
to  1  liter  with  distilled  water.     By  diluting  this  solution,  standards 
Ep-      are  prepared  having  values  of  0,  5,  10,  15,  20,  25,  30,  85,  40,  50,  60, 
■j^,    and  70.    The  numbers  correspond  to  the  metallic  platinum  in  the  solu- 
^      tions  in  parts  per  million.     The.se  are  kept  in  100  c.  c.  Nessler  jars 
^  ■    of  such  diameter  that  the  liquid  shall  have  a  depth  between  20  and  25 
'I  **    centimeters  and  shall  be  protected  from  dust.     The  color  of  a  sample 
";  4-  is  observed  by  filling  a  similar  tube  with  water  and  comparing  it 
^^    with  the  standards.     The   ol>servation   is   made   by   looking   verti- 
••^4    cally  downward  through  the  tubers  upon  a  white  surface  placed  at 
such  an  angle  that  light  is  reflected  upward  through  the  column  of 
liquid.    The  reading  is  recorded  to  the  nearest  unit.     Waters  that 
have  a  color  darker  than  70  are  diluted  l^efore  making  the  compar- 
ison, in  order  that  no  difficulties  may   \)g  encountered   in  match- 
ing the  hues.     Water  containing  matter   in   suspension   is  filtered 
until  no  visible  turbidity  remains.     If  the  suspended  matter  is  coarse, 
filter  paper  may  be  used  for  this  purpose;  if  the  suspended  matter  is 
*■?    fine,  the  use  of  the  Berkfeld  filter  is  recommended.     The  use  of  a  Pas- 
I     teur  filter  is  to  be  avoided,  as  it  exerts  a  decolorizing  action. 
•         It  is  impracticable  to  carry  the  standard  tubes  above  dei^cribed  into 
^he  field  for  observations,  and  yet  field  observaticms  are  of  gi'eat  con- 
venience and  value  to  the  sanitary  engineer,  and  in  general  to  the 
investigations  of  the  United  States  Geological  Survey. 

FIELD  STANDARDS. 

DESCRIPTION. 

Disks  of  colored  glass  have  l>een  prepared  by  Mr.  Allen  Hazen,  in 
cooperation  with  the  Survey,  as  standards  for  measuring  color  of  water 
ill  the  field.**    These  disks  have  been  rated  by  Mr.  (ireorge  C.  AMiipple 
to  corresix)nd  with  the  platinum-cobalt  standard.     The  color  is  meas- 
ured by  balancing  the  color  of  the  water  in  a  metallic  tui)e  with  glass 
ends  against  the  colors  of  glass  disks  of  known  value.     The  numlx^r 
on  each  disk  represents  the  corresponding  color  of  a  water.     This  is 
not  a  new  standard,  but  a  new  application  of  an  old  standard.     The 
glass  di.sks  are  rated  to  corn^spond  with  the  platinum-cobalt  color 
standard.    The  process  bears  th(»  same  relation  to  the  usual  labora- 
tory process  that  an  aneroid  i)aroni(»t<M*  bears  to  a  nu^rcurial  i)arometer. 
The  metallic  tuix^s  and  glass  standards  are  nion*  p()rtai>le  and  In^tter 
adapted  to  field  use  than  the  Nessler  tui)es  and  color  solutions  hereto- 
fore used.    The  standards  are  disks  of  anii)er-colored  glass,  mounted 
with   aluminum.     Each  disk  carries  two  numlH»rs.     (^ne  numlnT  is 
over  100,  and  is  a  serial  nunii)er  for  the  purpose*  of  identification. 

•  I'resaey,  II.  A.,  Observations  on  flow  of  rlverH  In  vicinity  of  New  York  City  :  Water- 
Sup,  and  I rr.  Paper  No.  70.  U.  S.  <;eol.  Survey.  lOoa,  IM.  X. 
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The  other  number  is  less  than  100,  and  shows  the  color  value  of  the 
disk ;  that  is  to  say,  the  color  of  each  disk  is  equal  to  the  color  of  a 
solution  of  the  designated  number  of  parts  per  million  of  platinum 
with  the  required  amount  of  cobalt  to  match  the  hue  when  seen  in  a 
depth  of  200  millimeters.  When  a  water  comes  between  two  disks  its 
value  can  be  estimated  between  them  by  judgment.  Two  or  more 
disks  can  be  used,  one  behind  the  other,  in  which  case  their  combined 
value  is  the  sum  of  the  individual  values.  By  combining  the  disks  of 
a  series  in  different  ways  a  considerable  number  of  values  can  be  pro- 
duced, allowing  the  closer  matching  of  many  waters. 

USE  OF  FIELD  STANDARDS. 

Filling  the  tubes. — The  tube,  having  an  aluminum  stopper,  is  to  be 
filled  with  water,  the  color  of  which  is  to  be  determined.  Rinse  the 
tube  once  or  twice  by  filling  and  emptying  it.  The  second  tube,  hav- 
ing the  clips  to  hold  the  glass  disks,  is  made  much  like  the  one  holding 
the  water,  to  facilitate  comparison.  Theoretically  this  tube  should 
l)e  filled  with  distilled  water.  Practically  it  makes  very  little  differ- 
ence whether  it  is  filled  with  distilled  water  or  empty.  Use  distilled 
water  when  it  is  convenient  to  do  so,  and  when  distilled  water  of 
unquestionable  quality  is  at  hand;  otherwise  wipe  the  inside  of  the 
tube  dry  to  prevent  fogging  of  the  glass  ends,  and  proceed  with  the 
tube  empty. 

Holding  the  tubes. — Hold  the  tubes  at  such  a  distance  from  the  eye 
that  the  sides  of  the  tubes  just  can  not  be  seen.  This  occui-s  when  the 
near  end  of  the  tube  is  8  or  J)  inches  from  the  eye.  Hold  the  tubes  at 
^^uch  an  angle  that  both  can  be  seen  at  once  with  one  eye.  (iood 
results  can  not  be  obtained  in  any  other  way.  Interchange  the  tubes 
once  or  twice,  as  sometimes  the  light  on  the  right  and  left  is  not  (juito 
equal. 

BackgrouniL — There  should  be  a  clear  white  background  with  a 
strong  illumination.  The  best  results  can  not  be  obtained  with  either 
too  little  or  too  much  light.  In  a  gray  day  look  at  the  sky  near  the 
horizon  away  from  the  sun.  In  a  !)right  (hiy  look  at  a  piece  of 
white  paper  or  tile  upon  which  a  strong  light  falls.  The  white  sur- 
face may  be  vertical  and  the  tubes  held  horizontally,  or  the  tubes  may 
be  held  at  an  angle  directed  downward  toward  a  horiz(mtal  surface, 
as  may  be  most  convenient,  (jood  results  can  not  be  obtained  by 
artificial  light. 

Turbid  u'dter. — The  colors  of  very  tur!)id  waters  can  not  be  meas- 
ured in  tliis  way.  Slight  turbidities  do  not  interfere  seriously  with 
the  results.  Waters  too  tur!)id  for  direct  observations  should  be 
filtered  through  thick  filter  paper  l^^fore  being  tested;  and  in  case 
the  suspended  matter  causing  the  turbidity  is  fine  in  grain  and  large 


LEIGHTON.]  IBON.  45 

in  amount,  even  this  method  may  fail.  The  turbidity  of  water  should 
be  taken  as  f aif  as  possible  in  connection  with  color  observations, 
except  in  cases  where  it  is  obvious  from  inspection  that  there  is  prac- 
tically no  turbidity. 

Highly  colored  waters, — Some  waters  will  be  found  havin<?  a 
higher  color  than  can  be  matched  by  the  standards.  In  general, 
waters  with  colors  above  100  should  not  be  matched  in  200-millimeter 
tubes,  and  the  results  with  waters  having  colors  below  80  will  be 
considerably  more  accurate  than  with  more  highly  colored  ones. 
Two  procedures  are  possible  with  waters  having  higher  colors; 
namely,  to  dilute  with  distilled  water  before  measuring  the  color,  or  to 
use  shorter  tubes.  The  latter  procedure  is  the  more  convenient,  but 
both  are  equally  accurate.  To  measure  the  color  with  short  tubes, 
put  the  highly  colored  water  in  a  tube  of  one-half  the  usual  length 
and  match  as  usual.  It  is  not  necessary  to  have  a  short  standard 
holder.  The  200-millimeter  tulx»  can  l)e  used.  After  the  water  is 
matched  the  result  is  multiplied  by  2.  In  case  the  color  is  too  high 
to  be  read  in  a  100-millimeter  tul)e  it  can  be  put  in  a  50-millimeter 
tube,  and  the  result  multiplied  by  4.  When  dilution  is  used  the 
highly  colored  water  is  mixed  with  one  or  more  volumes  of  distilled 
water,  the  color  matched,  and  the  result  multiplied  by  a  correspond- 
ing factor.  The  tube  itself  can  be  used  for  measuring  the  colored 
water  and  the  distilled  water,  and  the  mixing  can  be  done  in  a  tumbler 
or  any  convenient  clean  vessel. 

Cleaning  the  tubes, — Always  keep  the  tubes  clean.  Take  particu- 
lar care  of  the  glass  ends.  All  the  ends  are  removable  for  the  purpose 
of  cleaning,  and  should  not  be  screwed  on  too  tightly.  They  should 
be  water-tight  when  screwed  up  only  loosely,  for  if  screwed  on  hard 
they  may  stick  so  as  to  come  off  with  difficulty. 

IRON. 

One  of  the  important  determinations  which  it  is  necessary  to 
include  in  many  special  investigations  is  that  of  iron.  AVater  con- 
taining an  appreciable  amount  of  this  metal  can  not  be  used  in  many 
manufacturing  processes.  It  is  objectionable  in  domestic  uses  by 
reason  of  its  taste  and  the  discoloration  of  linen.  Certain  solutions 
of  iron  in  boiler  feed  waters  are  particularly  destructive.  Iron  in 
ground  waters  stimulates  the  growth  of  Crcnothrix^  which  frequently 
clogs  water  pipes.  On  the  other  hand,  iron  has  a  certain  medicinal 
value,  and  when  it  is  in  the  form  of  sulphate  has  valuable  coa*rulat- 
ing  properties.  The  last-named  effect  is  well  demonstrated  in  streams 
draining  coal  regions.** 

•  Leighton,  M.  O.,  Quality  of  water  in  Sumiiielianna  River  drainajj^e  basin  :  Water-Sup. 
and  Irr.  Paper  No.  108,  U.  S.  Geol.  Survey,  1904,  p.  36.  . 
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Colorimetric  methods  are  believed  to  be  the  simplest  and  best  for 
the  determination  of  iron  in  natural  waters,  and  they  readily  lend 
themselves  to  modification  for  field  purposes.  That  which  involves 
the  use  of  potassium  ferrocyanide,  described  on  page  226  of  Sutton's 
Volumetric  Analysis,  ninth  edition,  was  selected  as  best  adapted  for 
the  purposes  in  view.  The  process  involves  the  addition  of  acid  and 
KCNS  to  the  water  under  investigation  or  to  the  residual  solution  of 
that  water,  thereby  producing  a  characteristic  blood-red  color.  The 
depth  of  this  color  is  absolutely  fixed  by  the  amount  of  iron  in  the 
water.  It  is  then  necessary  to  add  to  a  similar  mixture,  made  up  with 
distilled  water,  such  a  quantity  of  standard  iron  solution  as  will  pro- 
duce in  this  solution  exactly  the  same  shade  of  red  as  is  shown  in  the 
water  under  investigation.  Then  from  the  amount  of  standard  irop 
solution  used  to  produce  that  shade  of  red  the  amount  of  iron  in  the 
water  under  investigation  may  easily  be  determined. 

The  modification  of  this  method  for  field  purposes  consists  of  the 
use  of  fixed  color  standards,  each  having  been  previously  rated  to  cor- 
respond with  some  known  equivalent  of  iron.  The  apparatus  usea 
in  the  work  is  that  alivady  descrilxid  for  the  determination  of  natural 
color.  (PI.  II.)  The  color  standards  are  red  glass  disks,  rated  and 
used  in  precisely  the  same  w^ay  as  the  natural  color  standards.  The 
colored  light  is  transmitted  directly  through  the  disk  tube,  and  the 
disks  may  be  changed  or  combined  until  the  color  of  the  sample  under 
examination  is  matched.  Then  from  the  rating  of  the  disks  the 
amount  of  iron  may  Ix^  stated. 

A  sample  of  the  clear  water  to  be  tested  is  poured  into  a  50-  or  1()0- 
c.  c.  graduate  to  the  45  e.  c.  mark,  2  cubic  centimeters  of  concentrated 
nitric  acid  added,  and  the  contents  thoroughly  mixed  in  order  t(»  con- 
vert all  ferrous  iron  prestMit  into  ferric  iron.  The  fluid  should  thru 
Ik*,  allowed  to  stand  about  five  minutes. 

The  mixing  and  oxidation  is  preferably  accomplished  by  pourin<r 
the  solution  from  the  graduate  into  another  vessel,  such  as  the  glax< 
turbidimeter  tube,  and  vice  versa,  at  least  eight  or  ten  times.  To  tho 
acidified  solution  in  the  graduate  is  tlien  added  l^  cubic  centimeters  of 
a  solution  of  potassium  sulphocyanide  containing  20  grams  KCNS 
per  liter,  and  the  licpiids  are  thoroughly  mixed  and  allowed  to  stand 
10  minutes.  The  solution  is  now  transferred  to  the  aluminum  c<dor- 
imeter  tube,  which  has  a  capacity  of  a!)out  45  cubic  centimeters  and  i- 
about  S  inches  long. 

Nitric  acid  is  used  in  the  above  method  instead  of  hydrochloric 
acid,  commonly  enij)loy(»d,  in  the  first  place  to  avoid  any  corrosion  of 
the  aluminum  tulx'.  the  desirability  of  the  use  of  which  will  be  ex- 
plained later.  With  the  employment  of  nitric  acid  instead  of  hydro- 
chloric acid,  moreover,  it  was  discovered  that  the  color  produced  iu 
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iron  solutions  by  the  addition  of  sulphocyanide  is  somewhat  deeper 
and  does  not  fade  nearly  so  rapidly.  Finally,  the  addition  of  nitric 
acid  not  only  effects  the  required  acidity  of  the  solution  essential  to 
the  test,  but  obviates  the  need  of  employing  potassium  permanganate 
in  order  to  convert  any  ferrous  iron  present  to  the  ferric  state. 

The  aluminum  tube  is  employed  in  the  assay  for  iron  in  natural 
^waters,  because  (1)  it  is  light,  (2)  it  can  not  be  easily  broken  in 
*ransix)rtation,  like  the  glass  tubes  used  in  the  water  laboratories,  (3) 
it  is  provided  with  a  suitable  spring  for  supporting  the  colored-glass 
<lisks,  (4)  it  provides  a  suitable  depth  of  column  of  the  water  for  the 
iron  determination,  and  (5)  it  is  generally  used  by  the  hydrographic 
division  in  determining  the  natural  colors  of  waters.  The  aluminiun 
€;olorimeter  tube  thus  servas  a  double  purpose,  and  obviates  the  neces- 
sity of  carrying  special  tubes  in  the  field  for  the  iron  assay. 

The  results  reached  by  this  method  of  determination  should  bi»  as 
accurate  for  practical  purpose^s  as  those  attained  by  the  laboratory 
method. 

CHLORIDES. 

The  determination  of  chlorides  in  water  is  significant  in  two  gen- 
eral lineii  of  investigation.  In  connection  with  sanitary  analyses,  it 
is  in  certain  parts  of  the  country  a  valuable  index  of  sewage  pollu- 
tion. In  analyses  of  water  for  l)oiler  and  industrial  purposes  it  is 
also  important,  as  the  chlorides  of  calcium  and  magnesium  corrode 
boiler  plates. 

LABORATORY    DETERMINATION. 

With  reference  to  the  determination  of  chlorides  from  a  sanitary 
standpoint,  the  following  article  by  Mr.  Daniel  D.  Jackson,  chemist 
in  charge  of  the  Mount  Prospect  laboratory,  department  of  water 
supply,  gas,  and  electricity,  of  New  York  City,  is  presented : 

Chlorine,  a  constituent  of  common  salt,  is  present  in  nearly  all  natural  waters. 
Its  original  sources  are  mineral  salt  (lei)osits  and  finely  divicle<l  salt  spniy  from 
the  sea.  This  latter  is  carried  with  dust  particles  by  the  wind  and  pre<'ipitated 
with  the  rain.  All  salt  found  in  waters  not  coming  from  these  original  sources 
comes  from  domestic  drainage,  and  indicat(»s  that  the  water  is  at  the  present  time 
polluted,  or  was  pollute<l  and  has  since  l)een  purified.  By  a  comparison  of  the 
salt  contents  of  any  water  under  examination  with  the  normal  chlorine  figure 
for  that  region,  the  extent  of  past  or  i)resent  pollution  may  be  determined. 

PHVSIOIXKilCAL    FrNCTIOXS    OF    COMMON    SALT. 

Salt  always  occurs  in  drainage  from  animal  sources  because  in  all  animal 
economy  a  certain  fairly  definite  amount  of  common  salt  is  eaten  with  the  food 
daily  and  later  exi)elle<l  from  the  l)ody  in  practically  the  same  condition  in 
which  it  was  absorbe<l.  That  it  plays  an  imiKirtant  rCde  in  the  blcMKl  is  indi- 
cated by  the  fact  than  on  an  average  it  constitutes  about  oiie-Ualt  of  the  total 
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blood  ash.  It  is  also  found  that  normal  gastric  juice  can  not  be  formed  without 
the  presence  of  salt,  and  that  in  many  other  socretlons  of  the  body  Its  presence 
Is  probably  a  nei'esslty. 

SALT   AS    AN    INDICATION    OF   POLLUTION. 

The  amount  of  salt  in  a  water  is  a  valuable  indication  of  pollution  because 
of  the  following  facts :  The  animal  l)ody  exi)els  the  same  amount  of  salt  that  it 
absorbs;  this  salt  is  unchangeable  in  the  soil  and  Is  very  soluble  In  water;  it 
must  eventually  form  a  i)art  of  the  drainage  and  become  mixed  with  the  general 
run-off  of  the  region  in  which  it  is  exi>elled.  The  average  amount  of  salt  enter- 
ing the  drainage  of  any  particular  district  is  so  constant  for  each  inhabitant 
that  It  has  been  claimed  that  the  numl>er  of  people  living  on  a  drainage  area 
may  be  determined  with  a  fair  degree  of  accuracy  from  the  average  run-off  and 
the  excess  of  chlorine  over  the  normal."  Stearns  estimates  the  chlorine  in  the 
run-off  of  any  drainage  area  not  rec»eiving  factory  waste  to  be  increased  about 
one-tenth  of  a  part  i)er  million  by  every  21)  Inhabitants  i)er  square  mile. 

SALT   IN    THE    WATERS   OF   INIJ^ND   STATES. 

All  salt  In  natural  unpolluted  waters  farther  inland  than  Ohio  comes  from 
mineral  deposits.  The  salt  winds  from  the  sea  have  no  effect  l)eyond  this 
State,  but,  unfortunately,  west  of  this  State  a  large  proiK)rtlon  of  the  natural 
waters  are  more  or  less  affe<teil  by  the  salt  dejwslts.  The  underground  salt 
seems  to  spread  over  a  broad  area,  and  exerts  not  only  a  wude  but  a  variable 
influence  over  most  of  the  waters.  In  these  inland  States,  while  the  **  normal 
chlorine  "  would  l)e  practically  zero,  the  value  of  the  determination  of  chlorine 
Is  In  most  cases  vitiated  by  the  variable  quantity  of  salt  from  mineral  sources. 
Determinations  of  chlorine  In  samples  of  water  taken  above  and  Inflow  a  city 
which  runs  its  drainage  into  the  stream  examined  may  give  the  extent  of  pollu- 
tion due  to  the  city  sewage,  l)ut  tlie  waters  so  far  analyzed  in  the  inland  States 
give  indications  that  the  (iiicstion  of  normal  chlorine  does  not  to  any  great 
extent  enter  into  sanitary  problems. 

SALT    IN    COAST    STATE    WATERS. 

On  the  other  hand,  the  coast  State  waters  are  practically  nnafftvte<l  by  this 
mineral  salt,  and  while  very  extensive  deposits  exist,  especially  in  the  State 
of  New  York,  they  are  in  narrow  pockets  and  exert  an  influence  over  a  verj 
liinitf^d  area.  Kxct^jjt  in  these  pockets  the  mineral  salt  has  apparently  been 
washed  into  the  sea. 

It  is  found  that  in  the  coast  States  the  salt  in  the  natural  watei*s  which 
comes  from  original  sourci»s  is  practically  all  brought  in  by  the  sea  winds,  and 
that  a  certain  normal  amount  is  present  in  tli(»  waters  of  each  locality. 

The  ditTerence  in  th(»  normal  amount  in  different  localities  is  due  to  varia 
tions  in  distance  from  the  seaconst.  in  the  amoinit  of  rainfall,  in  the  rate  of 
evaporation,  in  (he  amount  of  prottM-tion  from  ocean  winds,  and  in  the  dirt^^tion 
of  the  prevailini:  winds.  In  spit(»  of  the  great  vari(»ty  of  causes  which  aflfM 
the  n(MMnaI  chlorine  in  natural  waters,  the  normal  for  any  particular  region  is 
snriM'isingly  constant. 

The  <hlorine  decreases  as  waters  farther  and  farther  inland  are  testetl,  so 
that  by  connecting  with  lines  on  th(»  map  localiti(^s  having  the  same  normal  we 
find  that  these  lines  of  cipial  chlorin(»  (isochlors)   follow  in  a  general  way  the 


'  Jtcj)!,   Mn.ssaclnisctts  Slate  Hoard  (»f  HtMdth,   1890,  pt.   1,  p.  080. 
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' 'Coast  lines,  and  as  they  extend  inland  are  still  more  or  less  parallel  to  the  coast. 
^The  distance  of  these  lines  from  the  coast  depends  chiefly  upon  the  general 

direction  of  the  wind  and  the  protecting  influences  of  mountains  on  the  coast 

or  of  islands  near  the  mainland. 

COLLECTION   OF   SAMPLES. 

In  order  to  obtain  the  normal  chlorine  lines  for  any  State  it  is  first  necessary 
to  collect  a  large  number  of  analyses  for  chlorine  in  waters  talcen  at  different 
seasons  over  the  entire  area  to  be  covered.  It  is  evident  that  near  the  seacoast, 
where  the  variations  in  chlorine  within  a  limited  area  are  greatest,  the  largest 
amount  of  data  must  be  collected.  A  large  number  of  samples  of  water  taken 
from  surface  and  ground  sources  must  be  obtained.  The  pond  waters  usually 
give  the  best  results,  and  careful  insijection  of  the  drainage  area  of  such  sources 
gives  a  good  idea  of  whether  or  not  the  water  is  subject  to  pollution.  Samples 
for  analysis  should  be  cliosen  as  far  from  human  habitation  as  possible. 

SOLUTIONS  BEQUIBED  IN  THE  ANALYSIS  OF  WATER  FOB  CHLORINE. 

The  following  solutions  are  employed  in  the  analysis  of  water  for  chlorine : 

f^alt  solution. — A  solution  of  chemically  pure  fused  salt,  containing  1  milli- 
gram of  chlorine  in  each  cubic  centimeter,  is  made  by  dissolving  l.()48  grams  of 
the  fused  sodium  chloride  in  1  liter  of  distilled  water  free  from  chlorine. 

Silver-nitrate  ftolution. — Two  and  one-lialf  grams  of  crystailissed  silver  nitrate 
are  dissolved  in  1  liter  of  distilled  water  free  from  chlorine.  To  this  solution 
water  or  strong  silver  nitrate  is  added  until  by  actual  titration  10  cubic  centi- 
meters of  it  are  equal  to  5  cubic  centimeters  of  the  standard  salt  solution. 
One  cubic  centimeter  of  this  solution  is  then  equal  to  0.5  milligram  of  dilorine. 

Potassittm-chromate  solution. — An  indicator  solution  is  made  l>y  adding  50 
grams  of  potassium  chromate  to  1  liter  of  distilled  water  and  then  adding  sufli- 
cient  silver-nitrate  solution  to  precipitate  all  the  chlorine  present  and  turn  the 
precipitate  slightly  reddish.  This  is  allowed  to  stand,  and  by  filtering  or  decant- 
ing the  clear  solution  is  then  obtained. 

Emulsion  of  alumina. — This  is  made  by  dissolving  125  grams  of  i)Otassium  .or 
ammonium  alum  in  1  liter  of  water  and  precipitating  the  alumina  from  boiling 
solution  by  ammonia.  After  i)recipitation  the  alumina  must  be  washed  free 
from  chlorine,  sulphate,  and  ammonia  by  successive  treatments,  settlings,  and 
decantations  with  cold  distilled  water. 

METHOD    OF    PROCEDURE    IN    THE    ANALYSIS    OF    WATER    ¥X)R    CHLORINE. 

Pour  25  cubic  ci^ntimeters  of  the  water  to  be  tested  into  a  white  ix)rcelain 
dish.  Add  about  one-half  a  cubic  centimeter  of  <'hromate  solution  ami  run  in 
standard  silver-nitrate  solution  from  a  Inirette  until  tlie  first  faint  roddisli  tint 
appears.  This  is  more  easily  i\oUh\  if  for  comparison  a  dish  containing  the 
same  amount  of  water  and  chromate  is  kept  beside  the  dish  in  which  tlie  test  is 
made. 

If  1  or  more  cubic  centimeters  of  silver  nitrate  are  necessary  to  roach  an  end 
I)oint,  the  test  may  be  made  without  evaporation,  but  if  less  is  re<inlred  then 
evaporate  250  cubic  centimeters  to  25  cubic  centimeters  volume  before  making 
the  test.  It  may  at  times  l»e  necessary  to  evai)orate  more  than  this  if  the 
chlorine  present  is  very  close  to  zero  in  amount. 

It  is  best  to  always  titrate  with  25  cubic  centimeters  of  the  water.  In  this 
case  0.1  cubic  centimeter  is  subtracted  from  tlie  results  as  an  indicaitor  error. 
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If  more  than  this  amount  ia  used  In  titration,  mhtrnct  0.1  ruble  ceiitime<tor  f^r 
each  25  onbio  centimeters  of  the  volume  of  water  titrated. 

If  250  cubic  centlmeteni  of  water  are  taken,  11t(>  tiiitulK*r  of  cubic  centlmei^Tt 
of  allTer-nitrate  solution  used  to  obtain  an  end  iHittit  iuIiiuh  ci.l  eubic*  et^itUmi^icr 
multiplied  by  2,  gives  the  chlorine  in  parts  per  mlllicm. 

Bxample:  250  cubic  centimeters  are  evaporate^]  to  h  vtiinuK*  of  lin  i-ubk<  mitci- 
meters  and  chromate  solution  added.  In  Ihe  titratluii  tlj>  faibic*  c^tiUiDf^tern  of 
silver  nitrate  are  used.  Tlien  (3.5  — 0.1)x2ss(kR  Tho  wnti^r,  thum,  oonuiiv 
&8  parts  per  million  of  chlorine. 

If  tlie  sample  is  highly  colored  and  very  tnrUcl  It  mny  l>f*  ri«*ccf(Mir7  to  clarify 
if  by  treating  it  with  an  emulsion  of  alumina.  Tiil^  in  ]h^m  ficcofiipHHlmi  Lt? 
bringing  the  water  Just  to  the  tailing  point,  nm]  ilh*ii  iHUIintr  iilumtnn  nr\A 
siiaking  tlie  emulsion.  In  a  few  minutes  the  diir)l^f*4L  wjtirr  iimy^  tK>  ^le^-^tniM 
^niis  Is  allowed  to  cool,  and  tlie  required  amount  Is  iii«t>imii-«Hi  out  rur  i iimtji 
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Having  drawn  a  map  of  this  character  for  anx  ntniit  Htjite,  wr  air^  tlK^n  a 
to  estimate  tlie  pollution  in  any  natural  water  bsr  thi*  auHmiit  nf  elilorltic  ;fn*t«mt 
over  the  normal.  In  some  instances  it  is  flmt  tHT<*iftHir>*  U>  tuseiTtalu  tbtit  tt» 
chlorine  is  not  from  mineral  sources. 

It  will  be  seen  tliat  the  normal  chlorine  linen  m\^  uf  ^nmt  prnent^fit  mhw, 
both  to  the  chemist  and  to  the  engineer,  as  they  t?H<'  nn  Uidf'x  fivini  n^bleb  tmj 
be  estimated  the  sanitary  quality  of  moat  wati'iv  nruilfx^^l  wittiid  tbi-  ruiut 
States.  The  chlorine  also  fumi^hes  Informattou  m  to  l^u*  j«<»tin:^  of  tltv^ 
seated  springs  or  artesian  wells. 

While  this  chlorine  in  the  general  run-off  Is  lit  iDntn-l  )>ro|iCirt1<ni  Ui  ft»  jum: 
lation  on  a  drainage  area,  provided  none  of  the  sewa^'p  Ik  imrrN^^l  (aitj^tcle  i>f  tIum 
area,  yet  waters  in  thi«  region  may  have  been  iiu;'irti^1  l^e-fcire  rt^uHiliii:  tl>* 
source  from  wlilch  tliey  are  collected.  The  chlorine  wouhl  stUl  In*  |>ri»js,rrtt  nrnj 
it  is  necessary  to  find  from  other  tests  whether  the  pollutlou  l<<  prement  or  u^ai 

It  will  be  noted  in  Mr.  Jackson's  discussion  that  the  (letpriuination 
of  chlorine  for  the  location  of  isochlors  shoiihl  Ik^  niadi*  hy  very  pir- 
cise  laboratory  methods.  In  fact,  such  prcHUsion  should  In?  iisi*d  in  ntl 
cases  in  which  it  is  necessary  to  decide  wliethi'i*  or  not  n  wntor  in  a 
country  where  normal  chlorine  is  significaiLt  nmtaiiij?;  clilorides  in  an 
amount  which  corresponds  to  or  approxiniatejs  a  nonnnl  for  tlw 
country  from  which  the  water  com^s.  In  gieneral  water  .surv^^vsit 
however,  it  is  nec*essary  to  make  such  nice  distinctionis  only  in  rure 
cases.  In  the  determination  of  chlorides  in  ix  wat^r  which  h  to  U* 
used  for  Innler  or  industrial  purposes  this  rt^Hnenient  is  not  aeoes^ary. 
and  field  methods  will  generally  suffice. 

FIELD   DETERMINATION, 
STANDABD  HILVEB-?IITRATK  TlftlilH^. 

The  Geological  Survey  proposes  to  usi*  a  method  for  the  rapid 
determination  of  chlorides  which,  from  nuineroUH  experiments,  j^eins 
to  meet  the  conditions  in  a  satisfactory  iiiitnner.     In  place  of  Uie 
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standard  solution  of  silver  nitrate,  which  must  be  measured  in  a 
burette  when  applied  to  a  water  under  examination,  there  are  used 
tablets  of  silver  nitrate  containing  a  known  equivalent  of  this  reagent. 
These  tablets  are  packed  in  tubes  and  carried  in  a  leather  case,  the 
details  of  which  are  shown  in  PI.  III.  This  method  of  packing  is 
well  designed  to  avoid  mechanical  agitation  of  the  tablets,  w^hich 
would  result  in  their  loss  of  active  equivalent.  The  tablets  are  held 
securely  in  place  by  the  stoppers,  which  are  sufficiently  small  to  be 
pushed  through  the  lumen  of  the  tube  as  fast  as  the  tablets  are  used. 
This  maintains  a  constant  pressure  against  the  tablets  and  prevents 
their  agitation. 

The  manufacture  of  stable  silver-nitrate  tablets  proved  to  be 
somewhat  difficult.  A  number  of  pharmaceutical  experts  who  were 
engaged  at  various  times  to  prepare  them  failed  to  produce  a  tablet 
iwrhich  was  reasonably  stable.  Those  which  are  now  supplied  to  the 
Survey  are  made  by  the  Kremers-Urban  Company,  of  Milwaukee, 
HVis.,  and  are  of  superior  qualit3\ 

In  connection  with  the  determination  of  chlorides  it  is  necessary 
to  carry  into  the  field  only  a  small  bottle  of  potassium-chromate  crys- 
tals or  solution  and  a  heavy  glazed  porcelain  mortar,  together  with  a 
pestle  of  approved  design.  The  tablets  are  dissolved  in  a  measured 
quantity  of  water,  a  small  amount  of  potassium  chromate  having  first 
been  placed  in  the  solution.  The  end  point  is  indicated  by  the  change 
in  color  in  the  usual  way  and  the  number  of  tablets  of  known  equiva- 
lent indicates  the  amount  of  chloride  in  the  water. 

This  method  may  be  objected  to  by  some  chemists  because  it  is 
generally  believed  that  the  results  of  a  chlorine  determination  made 
on  a  water  without  first  evaporating  the  same  are  too  high.  This 
is  apparently  true  with  waters  like  those  of  New  England,  which  con- 
tain only  minute  quantities  of  chlorine,  but  in  the  waters  of  the 
greater  part  of  the  country  the  chlorides  are  so  high  in  amount  that 
the  error  which  arises  from  direct  titration  is  not  large  enough  to  be 
of  significance  in  industrial  work. 

While  the  tablets  may  be  manufactured  to  contain  almost  any 
reasonable  amount  of  silver  nitrate,  it  has  been  found  that  the  most 
convenient  equivalents  for  general  field  use  are  those  of  approximately 
1  and  10  milligrams  of  chlorine.  In  all  special  cases  the  strength  of 
tablets  should  be  adjusted  to  suit  conditions.  As  it-  is  practically 
impossible  to  manufacture  tablets  of  the  exact  equivalent  desired,  it  is 
necessary  to  determine  the  strength  of  each  new  supply  and  to  make 
calculations  of  all  field  results  accordingly. 

The  following  statement  includes  various  tests  of  a  supply  of 
tablets.  Each  tablet  was  made  up  to  contain  an  equivalent  of  as  near 
1  milligram  of  chlorine  as  possible.     The  purposes  of  the  tests  were 
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U)  detormine  the  irarifttion  in  equivalent  of  single  ^jtblels  ftjid  tie  j 
combined  etjuivftlcmt  of  tablets  in  sets  of  5  and  10,  thf?  actual  rAlrmj 
in  milligram:^  of  chlorine  lieing  determined  by  volumetric  tiii'thods 

.  Tegt9  lo  detemtine  variaiimt  in  gih^er-nitrate  tablets^ 

I  [IfinigmaM.] 
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It  will  be  j^een  from  the  above  results  that  the  maximum  variation 
in  tho  equivalent  of  single  tablets  in  0.057  niiltigram  of  chlorine  for 
imch  tablet*  Tlierefore,  ronsidering  the  maxinnim  variation  shown 
in  the  single  tablets  and  n  I  lowing,  for  pnr|x>??es  of  ilhis^tration,  that 
the  maximum  error  may  always  lye  present  in  a  determination,  it 
would  U'  necessary  to  use  IB  tablets  in  a  determination  in  order  to 
ivach  an  error  e<|uivalent  to  1  milligi^ani  of  chlorine.  The  nieiiii 
value,  however,  of  the  single  tablet  is  thoroughly  I'epresentative  of  all 
the  tablets  tested,  the  variations  lying  above  iind  l)elow  the  mean  value 
eiiually.  It  will  be  seen,  further,  that  when  the  tablets  are  used  in 
larger  quantities  and  the  combined  ecjuivalents  of  such  quantities  are 
eon  J  pa  red,  the  deviations  from  the  mean  arc  eonsiderably  less  and  the 
maximiini  deviation  is  practically  negligible.  This  is  shown  espe- 
cially well  in  the  statement  of  the  comparison  of  the  ten  tablets.  It 
is  therefore  ap|>arent  that  the  tablets  do  not  vary  by  an  appreciable 
amiKint,  and  that  having  estiiblished  their  equivalent  by  taking  the 
mean  of  several  determinations,  such  mean  can  be  used  in  connection 
with  the  field  determinations  of  chlorine  in  natural  waters. 
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PRACTICAL  TE8T8  WITH  TABLET  METHOD. 

Three  chloride  solutions  were  made  up  at  random,  which,  when 
sted  by  precise  methods,  were  found  to  contain  4,280,  12,940,  and 
372  parts  of  chlorine  per  million,  respectively.  These  solutions 
ere  titrated  with  tablets,  and  the  end  points  reached  in  the  same 
anner  as  that  used  in  the  field.  The  results  are  set  forth  in  the 
ilowing  table : 

Testft  of  sUver-^itrate  tablets,  toith  solutions  of  known  equivalent, 

SOLUTION  NO.  1.— CHLORINE,  4,280  PARTS  PER  MILLION. 


Volume  of 
solutioxi. 


5 

5 

25 

25 

50 

50 


Nninber  of 
tablets. 

Value  of 
tablets. 

188.0 

1.052 

21.0 

1.052 

21.0 

1.052 

10.4 

10.1 

f        10.0 

10.1 

I          3.0 

1.052 

20.8 

10.1 

r        20.0 

10.1 

5.0 

1.052 

[          1.0 

.481 

Parts  chlo- 
rine, tablet 
method. 


6,350 

4,410 
4,410 
4,200 

\      4,160 

4,200 

4,154 


DeTiation  i    p«-««„* 
fromactual    ZSiS^* 


value. 


+2,070 

-f  130 

-f  130 

-  80 

-  120 

-  80 

-  126 


deyiation. 


48.4 


3.04 
3.04 

1.87 

2.80 
1.87 

2.44 


15.06 


Mean  deyiation    (six  results) « 15.06 -t-Qs»«2.51  per  cent. 
SOLUTION  NO.  2.— CHLORINE  12,940  PARTS  PER  MILLION. 


26 

32.25 

10.1 

12,510 

-430 

3.32 

26 

32.0 

10.1 

12,430 

-510 

3.94 

15 

(    19.5 
\      1.0 

10.1 
1.052 

1  13,200 

+260 

2.01 

15 

1     18.5 
I      8.0 

10.1 
1.052 

1  13,020 

-f  80 

.62 

5 

64.0 

1.052 

13,470 

+530 

4.09 

13.98 

Mean  deyiation=13.98-^  5=2.80  per  cent. 
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Te9i9  of  sUver-nitrate  tablets,  with  solutions  of  iBtumn  equiwiieni'-Coathmt^ 

SOLUTION  NO.  8.~<;HL0BINB  1,872  PARTS  PB&  MILI«ION. 


Volume  of 
solution. 

Number  of 
taUete. 

Value  of 
tablets. 

Parti  ehlo- 

ilM^^lablei 

iSbod. 

fir— iMMt 

PHreent 
<fiiticp. 

e.e, 
60 

6.7 

10.1 

1,868 

■ 

-  19 

1.88 

50 

f        6.0 
I        7.0 

10.1 
1.052 

}    1.868 

-  14 

1.02 

r        6.0 

10.1 

60 

6.0 

1.062 

1,858 

-  14 

1.08 

I        2.0 

.481 

20 

1      26.0 
I        1.0 
[        6.0 

1.052 

.481 

1.062 

}    1,892 

+  20 

1.46 

5 

•    1.0 
2.4 

.481 
.268 

1,480 

+ite 

7.80 

12.27 

Mean  deTiatloBol2.274-6««2.46  per  cent. 

The  first  result  in  the  table  above  set  forth  is  so  radically  wrong 
that  it  is  inserted  to  illustrate  a  condition  which  must  always  be 
avoided  when  this  method  is  employed,  viz,  the  use  of  a  large  number 
of  tablets.  It  will  be  noted  that  a  considerable  amount  of  strong 
chloride  solution  was  used  with  tablets  of  low  equivalent,  i.  e.,  1.05*2 
milligrams  of  chlorine.  This  made  it  necessary  to  use  1B3  tablets  to 
reach  the  end  point,  with  a  result  that  is  absurd.  But  25  and  50 
cubic  centimeters  of  the  same  solution  are  titrated  with  the  tablets 
with  only  a  small  error  when  the  tablets  of  larger  equivalent,  10.1 
milligrams  of  chlorine,  are  used.  On  the  whole,  the  results  shown  in 
the  above  table  are  very  satisfactory,  the  error  involved  in  the  deter- 
minations averaging  about  2.5  to  3  per  cent,  which  is  well  within  the 
limits  of  field  work.  Indeed,  when  the  method  was  designed  it  was 
believed  that  an  error  of  5  per  cent  would  be  as  small  as  could  be 
expected. 

A  verj'  simple  way  of  testing  for  small  amounts  of  chlorine  is 
afforded  by  cutting  tablets  into  quarters  with  a  jackknife.  Only 
ordinary  care  need  be  used  and  the  quarters  may  then  be  taken  for 
analysis  without  extreme  regard  to  the  selection  of  large  or  small 
pieces.  The  following  account  of  some  experiments  performed  is 
submitted : 

No.  1.  Twenty  tablets  were  cut  into  quarters.  Each  quarter  should 
precipitate  0.25  milligram  of  CI.  To  100  cubic  centimeters  of  water 
(blank  =  0.13  cubic  centimeter)   1  cubic  centimeter  of  NaCl  wa^ 
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making  the  actual  value  of  the  water  =  1.13  milligrams  CI. 
luarters  gave  no  end  reaction,  but  five  quarters  did.  This 
nent  was  done  fifteen  times  with  the  same  results.  One  and 
irth  tablets  are  equivalent  to  1.25  milligrams  CI. 

2.  Twenty  more  tablets  were  cut  up  and  added  as  above,  except 
1  cubic  centimeters  of  NaCl  were  used,  making  the  value  of 
=  1.23  milligrams  CI  (blank+0.13  cubic  centimeter).  Five 
rs  used  in  eight  out  of  twelve  titrations.    This  shows  a  varia- 

quartering  of  possibly  an  equivalent  of  0.02  milligram  CI,  or 
't  per  million,  an  insignificant  amount. 

3.  Next  1  cubic  centimeter  of  NaCl  was  used  (=1.13  milli- 
Cl).    One  whole  tablet  gave  no  end  reaction,  but  one  whole 

f-one  quarter  tablet  gave  a  reaction  in  every  case. 

4.  The  same  was  done  with  0.9  cubic  centimeter  NaCl  (=1.03 
•ams  CI) .    One  tablet,  no  end  reaction ;  1 J  tablets,  end  reaction. 

5.  The  same,  using  1.2  cubic  centimeters  NaCl  (=1.33  milli- 
Cl).     One  tablet,  no  end  reaction,=  l  milligram  CI;    IJ  tab- 

)  end  reaction,=1.25  milligrams  CI;   1^  tablets  gave  end  reac- 

1..50  milligrams  CI. 

3,  4,  and  5  were  each  done  ten  times. 

value  of  these  results  and  their  accuracy  are  shown  below : 


No. 

Actual  con- 
tent. 

Found  by  titration. 

1 

1.13 

1.25 

Q 

1.23 

1            8  8bowl.25 

1            4  show  1.50 

3 

1.13     i                            1.25 

4 

1.03                                 1.25 

5 

1.33 

1.50 

;  method  comes  within  0.25  milligram  of  the  amount  of  chlo- 
pesent,  or  within  2.5  parts  per  million  of  chlorine.     This  pro- 
is  recommended.     If  only  ordinary  care  be  used  in  cutting 
,  their  value  will  be  within  1  part  in  a  million. 

ESTIMATION  OF  CHLOBINE. 

lown  amount  (about  50  c.  c.)  of  the  water  to  be  tested  is  meas- 
ito  a  glazed  porcelain  mortar  (4  inches  diameter)  and  5  drops 
issium  chromate  (5  per  cent  solution)  added, 
silver-nitrate  tablet  is  then  cut  into  quarters,  using  ordinary 
>  get  the  quarters  equal.    Whole  tablets  are  added  to  the  water 
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till  hear  the  end  point,  when  quarter  tablets  ar^  used.     The  end  ymiM 
is  the  appearance  of  the  red  color  of  alvar  chromata.  ^ 

•^—m — =milligrams  per  liter  of  chlorine^  when  W=ciibie  ten- 

timeters  of  water  used,  n  =  number  of  tablets  used,  and  A  =  vdu^ 
of  one  tablet  in  milligrams  of  chlorine.  Proper  iillon  anee  fihould  be 
finally  made  for-  the  amount  of  dlv^  nitrate  consumed  in  the  rad 
reacti<m. 

Each  tube  of  AgNO.  tablets  is  maxlced  with  its  equivalent  at 
chlorine. 

.  Note.— SIlTer-nltrate  tablets  alKmld  not  be  baiklted  wttb  tbe  Bnserti  our 
«KpoBed  to  simllgbt    Keep  aH  tabes  well  stopperea. 

HARDNMS. 
CODYXRAL  STATBMKNT. 

A  hard  water  is  popularly  recognised  as  a  water  with  which  it  l- 
difficult  to  obtain  a  soap  lather.  Strictly  d^ied«  it  is  that  {m)f)^rt; 
imparted  to  water  by  the  carbonates,  sulphates,  chlorides^  mal  ntimtt^ 
of  caldum  and  magnesiuuL  Chemical  methods  for  the  <leterniina 
tion  of  hardness  are  not  yet  well  defined;  in  fact,  the  wholi-  ^iihjn-t 
18  sdmewhat  dhaotic.  A  method  whidbi  may  be  satisfaetorv  fc»r  tU 
waters  of  one  part  of  the  United  States  may  l>e  of  little  %uliic  for 
those  of  another.  Consequently  there  has  ilovelopeJ  a  rude  ^> 
graphic  distribution  of  methods,  each  being  adapted  to  the  pecuUaii- 
ties  of  the  waters  in  the  regions  in  which  they  are  used*  The  result 
is  that  comparisons  between  hardness  determiniitious  made  in  differ- 
ent regions  are  somewhat  uncertain  and  nearly  always  unsatisfactory. 

The  effect  of  hard  water  upon  the  lathering  properties  of  sodium 
soap — that  is,  the  soap  used  for  laundry  and  toilet  purposes — has 
been  made  use  of  in  determining  hardness.  Indeed,  the  soap  test 
was  the  earliest  and  is  still  the  a)mmonest  of  all  those  employed  for 
this  purpose.  A  standard  solution  of  a  pure  soap,  usually  a  high- 
grade  castile,  is  standardized  against  a  solution  of  calcium  chloride, 
the  equivalent  of  which  has  been  determined  in  terras  of  calcium  car- 
bonate. The  details  of  this  process  are  too  familiar  to  warrant  fur- 
ther description.  Practically,  the  principal  weakness  of  the  test  is 
the  determination  of  the  end  point,  which  is  not  sharply  defined. 
The  sodium  salts  of  oleic,  palmitic,  and  stearic  acids  which  compose  a 
pure  soap  are  definite  chemical  compounds,  and  their  transformation 
into  calcium  and  magnesium  soaps  should  follow  the  usual  course  of 
chemical  change,  and  therefore  the  soap  test  is  not  merely  a  test  of  the 
soap-consuming  power  of  water,  as  maintained  by  some  chemists. 

In  practice  the  soap  test  is  limited  in  its  usefulness,  and  its  results 
are  modified  by  many  conditions.  A  few  authorities  who  have 
made  minute  studies  of  the  soap  method  are  impressed  with  its  pos- 
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sibilities,  but  the  modifications  which  they  suggest  are  somewhat  cum- 
bersome, involve  superrefinements,  and  in  the  end  require  so  much 
time  that  the  importance  of  the  results  is  not  conmiensurate.  In 
those  parts  of  the  country  where  soft  waters  aboimd  and  where  it  is 
known  that  magnesium  salts  are  not  abundant  the  test  has  great 
value.  Its  usefulness  is  limited  in  the  waters  of  the  Mississippi 
basin,  and  it  fails  entirely  when  applied  to  western  waters. 

FIELD  METHOD. 
V8E  OF  80DIVM.0LEATE  TABLETS. 

The  soap  test  has  been  modified  for  field  use  by  the  substitution  of 
tablets  of  pure  sodium  oleate  for  the  soap  solution.  Sodium  oleate 
can  be  obtained  in  pure  form  and  readily  divided  in  tablets,  each  con- 
taining a  known  amount  of  the  reagent.  The  tablets  used  by  the 
Geological  Survey  in  field  work  are  made  by  the  Kremers-Urban 
Company,  of  Milwaukee,  Wis.  They  are  of  three  grades,  "  full," 
"  half,"  knd  "  quarter,"  or,  as  they  are  usually  denoted,  "  F,"  "  H," 
and  "  Q,"  according  to  their  content  of  10,  5,  or  2.5  milligrams  of 
sodium  oleate,  respectively. 

In  using  these  tablets,  100  cubic  centimeters  of  the  water  to  be 
tested  are  placed  in  a  specially  designed  bottle  (Emil  Greiner) 
having  a  heavy  semispherical  bottom.  Tablets  are  then  added  one  at 
a  time  and  dissolved  in  the  water.  This  process  is  greatly  hastened 
by  trituration  of  the  tablets  in  the  bottle  with  a  blunt  glass  rod. 
After  each  tablet  is  dissolved  the  bottle  should  be  shaken  and  laid 
upon  its  side,  and  the  determination  conducted  in  precisely  the  same 
manner  as  that  prescribed  in  the  case  of  the  soap  solution.  From 
the  number  of  tablets  used  and  their  equivalent  the  hardness  may  be 
determined. 

The  facility  with  which  this  determination  may  be  carried  on  is 
largely  determined  by  practice.  When  first  attempted  it  seems  awk- 
ward, but  after  a  few  trials  the  operator  finds  that  it  can  be  readily 
performed.  The  proper  way  is  to  start  with  the  F  tablets  until  near 
the  end  point,  then  apply  the  H,  and  finally  the  Q  tablets.  This  of 
course  may  become  a  method  of  ''  trial  and  error,''  but  the  skilled  field 
man  will  seldom  add  tablets  beyond  the  end  point.  The  appearance 
of  the  lather  at  various  stages  is  characteristic  and  affords  a  guide  for 
the  operator.  In  order  to  show  certain  characteristic  features  in  the 
tablet  method  for  the  hardness  determination  the  following  results 
of  a  test  made  of  a  supply  of  tablets  are  set  forth  : 

TEST  OF  SODllM-OLEATE  TABLETS. 

For  a  standard  of  hardness,  0.2  gram  of  Iceland  spar  was  dissolved 
in  HCl,  evaporated  to  dryness  three  times  in  HCl  and  twice  with 
water.     Finally  the  residue  was  dissolved  and  dilvil^d  \,q>  v^xns^,  \>^RSt 
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with  redistilled  water.    Five  cubic  centimeters  of  this  solution  of 
CaClj  is  equivalent  to  1  milligram  CaCOj. 

The  tablets  used  in  the  work  are  of  three  equivalents,  and  are 
designated  as  follows: 

One  F  tablet  contains  an  approximate  equivalent  of  0.0014  gram  ojilciuin 
carbonate. 

One  II  tablet  contains  an  approximate  equivalent  of  0.0007  j^ram  calcium 
carbonate. 

One  Q  tablet  contains  an  approximate  equivalent  of  0.0003  ^am  calciimi 
carbonate. 

The  first  test  was  to  detennine  the  amount  of  sodium-oleate  tablet 
i*eacted  with  100  cubic  centimeters  distilled  water.  In  the  follow- 
ing tabulated  statement  the  sign  +  denotes  a  permanent  foam  or 
satisfactory  end  point,  while  —  denotes  no  end  point. 

Standardization  of   sodium-oleate   tablets   against  100  cubic  centimeters  dig- 

tilled  water. 


H. 


-f- 


!  : 


2Q. 

3Q 
8. 

-? 

-f 

— 

+ 

■f 

— 

-h 

- 

4- 

^■ 

- 

-f 

4- 

-r 

- 

i 

Kesiilts  in  the  above  series  of  experiments  indicate  that  100  cubic 
centimeters  distilled  water  requires  about  0.005  grams  of  sodium 
oleate. 

To  reduce  this  to  terms  of  calcium  carbonate  experiments  were 
made  with  100  cubic  centimeters  distilled  water  containing  varying 
amounts  of  calcium  chloride.  It  was  found  by  repeated  trial  that 
where  two  H  tablets  were  used  it  re(|uired  Jl*2  cubic  centimetei's  of  the 
CaClo  solution  in  100  cubic  centimeters  of  distilled  water  to  ivact 
exactly.  Consequently,  as  the  100  cul)ic  centimeters  distilled  water 
required  one  II  tablet,  the  remaining  IT  tablet  was  equivalent  to  the 
CaC^l..  Therefore  the  distiUcd  water  is  e(|uivalent  in  the  soap  reaction 
to  J5.2  cubic  centimeters  of  CaCl,.  or  0.04  milligram  CaCOg. 

The  first  experiments  in  standardizing  the  tablets  were  made  with 
the  standard  (^aCh.  solution  diluted  with  100  cubic  .centimeters  dis- 
tilled water  against  one  F  tablet,  with  results  as  follows: 


K^EIGUTUN.] 
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Standardization  of  sodium-oleate 

GaCL  against 
IF  tablet. 

Result. 

cc.    ■ 

3.0 

Foam. 

3.5 

Foam. 

3.6 

Foam. 

3.7 

Foam. 

3.7 

Foam. 

8.7 

Foam. 

3.7.. 

Foam. 

3.8 

No  foam. 

8.8 

No  foam. 

4.0. 

No  foam. 
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From  the  above  it  appears  that  one  F  tablet  is  equivalent  to  3.7 
cubic  centimeters  CaCL  solution  with  100  cubic  centimeters  distilled 
water,  or  actually  equivalent  to  i\S>  cubic  centimeters  (3.7+3.2  cubic 
centimeters),  which  expressed  in  terms  of  CaCOg  is  equal  to  1.38 
milligrams. 

Using  seven  F  tablets  in  100  cubic  centimeters  distilled  w  ater  against 
different  amounts  of  the  CaClj  solution  the  following  results  were 
reported : 


CaCL  against 
7  F  tablets. 

Result. 

c.  c. 

41.7 

Foam. 

41.5 

Foam. 

43.5 

Foam. 

44.9 

Foam. 

45. 0 

Foam. 

45. 9 

No  foam. 

46.0 

No  foam. 

From  the  above  results  it  appears  that  the  end  point  is  practically 
reached  with  45  cubic  centimeters  CaCl.  solution.  With  the  amount 
for  100  cubic  centimeters  distilled  water  added,  seven  tablets  are 
therefore  equivalent  to  48.2  cubic  centimeters  CaCL,,  or  1).(U  milli- 
grams CaCOg.  This  allows  for  (me  tablet  an  equivalent  of  1.37 
milligrams  CaC()«,  which  agrees  with  the  previous  determinations 
within  the  limit  of  experimental  error. 
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Experiments  were  made  with  various  eombinatioiis  of  idUel 
follows: 


CiCW. 

TikUeta  (nomliar 
Mid  TaliM). 

• 

BORllt. 

e.c. 

.. 

8.2 

^Q 

Kofoam. 

8.2 

6Q 

Foam. 

8.0 

6Q 

Foam. 

8.0 

6Q 

Foam. 

8.8 

^Q 

Foam. 

2.9 

4Q 

Foam. 

46.0 

7F 

Foam. 

46.9 

7P 

No  foam. 

46.9 

7F  +  1Q 

Foam. 

46.0 

14  H 

Kofoam. 

46.0 

15H 

Foam. 

46.0 

6F  +  2H 

Foam. 

46.0 

6P  +  2H 

Foam. 

Analyzing  the  results  above  given  we  have: 


water. 

Tablets 

(number  and 

value). 

Result. 

c.  c. 

3.2 

4Q 

No  foam. 

3.2 

5Q 

Foam. 

3.0 

5Q 

Foam. 

2.8 

4Q 

Foam. 

2.9 

4Q 

Foam.      , 

Therefore  four  Q  tablets  are  equivalent  to  an  amount  of  CaO 
lying  between  1.28  milligrams  and  1.22  milligrams,  or  one  Q  tablet 
an  amount  lying  between  0.32  and  0.30.  Using  either  as  the  vali 
the  error  will  not  be  significant.  0.31  milligi'am  is  probably  the  mc 
accurate  factor. 

2. 


CaCl,+100  c.  c. 
distilled 
water. 

c.  c. 
45.0 
45.9 
45.9 

Tablets 

(number  and 

value). 

Result. 

7F 

7F 

7F-I-1Q 

Foam. 
No  foam. 
Foam. 
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Therefore  seven  F  tablets  are  equivalent  to  an  amount  of  CaCOa 
lying  between  9.82  and  9.64  milligrams,  or  one  tablet  to  an  amount 
lying   between   1.40   and    1.38   milligrams.    The   error   introduced 

if  either  1.40  or  1.38  is  used  as  a  factor  will  be  less  than  ^  and 

therefore  insignificant 


OaCU4-100c.c. 
distilled 
water. 

Tablets 

(number  and 

value). 

Result. 

c.c. 
45 
45 
45 

14  H 

15  H 
6F-h2H 

No  foam. 

Foam. 

Foam. 

Therefore  the  equivalent  of  9.64  milligrams  CaCOj  lies  between  the 
value  of  14  and  15  H  tablets,  or  one  tablet  is  equivalent  to  an  amount 
of  CaCOg  between  0.69  and  0.64  milligram.  But  from  the  third 
experiment  it  is  seen  that  two  H  tablets  are  equivalent  to  1.36  milli- 
grams (9.64— [6X1.38] ),  or  one  tablet  to  0.68  milligram. 

ESTIMATION  OF  HABDNESS. 

The  directions  for  using  these  tablets  should  be  followed  absolutely. 
The  end-point  foam  should  be  permanent  for  at  least  five  minutes, 
the  bottle  lying  upon  its  side.  The  smallest  number  of  tablets  possi- 
ble should  be  used;  for  example,  if  the  hardness  of  a  water  is  120 
I)arts  per  million  on  direct  titration  without  correction,  the  l)est 
procedure  assuming  the  given  value  of  the  tablets  used  would  be  as 
follows : 

Milligrams  CaCO,. 

8  F  tablets  equivalent  to 11.04 

1  H  tablet  equivalent  to .  r»8 

1  Q  tablet  equivalent  to .  31 

Total 12.  03 

Subtracting  0.64  milligram  CaCOa  for  distilled  water .04 

Hardness  expressed  by  tablets 11.30 

Or  in  parts  per  million 113.  9 

In  this  case  the  error  would  be  equivalent  to  0.03  milligrams  CaCOa, 
an  amount  unimportant  in  practical  work. 

The  end  point  can  be  approached  in  the  manner  above  described 
after  the  operator  has  had  ^  shoii:  experience  with  the  method.  The 
comparative  permanence  of  the  preliminary  foam  pellicles  which  do 
not  remain  unbroken  for  the  entire  five  minutes  is  a  guide. 
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It  is  customary  to  distingnb^  betwem  temporttry  and 
hardness.  Temporary  hardness  is  due  to  the  caxbanidM  (aad  hietf> 
bohates)  of  calcimn  and  magnesium.  .Calcium  land  BMgfHMimi  m^- 
txmates  arenot  readily  soluble  in  water  unless  aocompiiitid  by  etrlMa 
dioxide.  Undw  sodli  eireomstaiiceB  it  is  sitppoaed  thai  tli»  earbo^^ 
become  bicarbonates,  although  the  bicarbonatea  of  these  two  ekmaofs 
have  never  been  isolated.  When  waters  containing  calcium  and  mag- 
nesium bicarbonates  are  boiled  the  carbcm  dioxide  is  driven  off  and  tte 
normal  cMix>nates  of  caldum  and  magnesium  are  piredpitatel 
Therefore,  the. properties  which  they  impart  to  the  water  are  des^ 
nated  temporary  hardness.  Permanent  hardness,  on  the/>ther  hand, 
is  that  property  which  is  imparted  to  waters  by  the  solphatesi  dder- 
ideS)  and  nitrates  of  the  alkali  earths.  They  are  not  predpitated  by 
cmlinary  boiling,  and  therefore  their  effects  are  regarded  as  perma- 
nent. The  usual  method  of  determining  temporary  and  permaneot 
hardness  by  the  soap  test  consists  in  making  the  teat  on  a  sample  df 
wator  before  boiling,  and  another,  on  a  similar  sample  after  bdUpg; 
*th*e  difference  in  the  two  results  representing  the  temporary  K^iyipiiML 

Temporary  and  permanent  hardness  are  oft^i  expressed  as  alka- 
linity and  incrusting  constituents,  respectively,  and  it  is  comaum  to 
see,  even  in  analytical  reports  of  well-informed  chemists,  the  ex- 
pression "  alkalinity  or  temporary  hardness."  This  expression  is 
misleading.  It  is  approximately  correct  when  the  waters  of  New 
England  and  certain  other  portions  of  the  country  are  referred  to, 
but  as  a  general  statement  concerning  the  majority  of  waters  nothing 
could  be  more  inaccurate.  There  are  abundant  instances  in  which 
waters  are  alkaline  to  an  extraordinary  degree,  and  yet  are  widely 
known  as  soft  waters,  giving  little  or  no  reaction  with  the  soap  test 
The  alkalinity  in  such  cases  is  due  to  the  carbonates  of  sodium  and 
potassium,  which,  w  hile  they  impart  a  truly  alkaline  reaction,  have  no 
hardening  effect.  The  majority  of  the  waters  of  the  United  States 
contain  alkali  carbonates,  and  therefore  any  interpretation  of  alka- 
linity as  being  equivalent  to  temporary  hardness  with  such  waters  is 
erroneous. 

If  the  alkalinity  found  in  a  w^ater  is  the  result  of  the  carbonates 
of  the  alkali-earth  elements,  its  industrial  significance  is  consider- 
ably different  from  that  of  the  carbonates  of  the  alkalies.  For  ex- 
ample, calcium  carbonate  forms  soft  scale  when  used  in  boilers, 
while  sodium  carbonate  forms  no  scale,  but  presents  a  much  less 
important  difficulty,  that  of  foaming.  If,  however,  a  water  con- 
taining calcium  carbonate   were   used   for  irrigation  purposes,  it 
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would  not  damage  crops  unless  it  were  present  in  extremely  high 
proportions — ^higher,  in  fact,  than  it  is  almost  ever  found  in  nature. 
On  the  other  hand,  a  small  amount  of  sodium  carbonate  is  destruc- 
tive to  crops.  It  is  as  desirable  to  know  whether  the  sulphates  and 
chlorides  which  are  found  in  the  water  are  of  the  alkali  earths  or 
the  alkalies,  for  they  present  variations  in  usefulness  with  reference 
to  industries  similar  to  those  above  described  in  the  case  of  the  car- 
bonates. 

It  has  been  the  endeavor  of  the  Geological  Survey  to  so  modify 
the  methods  by  which  the  various  determinations  of  the  hardening 
constituents  of  water  may  be  made  that  they  can  be  used  in  the  field. 
These  methods  are  set  forth  in  subsequent  pages.  They  do  not  in- 
clude all  of  the  determinations  desirable  for  some  classes  of  work,  but 
sufficient  to  allow  of  a  very  comprehensive  interpretation  concerning 
the  quality  of  any  water  under  investigation. 

TABBONATEM. 

The  determination  of  alkalinity  or  carbonates  is  a  simple  volu- 
metric process.  It  i^equires  only  a  standard  solution  of  an  acid, 
preferably  a-  mineral  acid,  with  accurate  means  for  measuring  the 
same,  and  a  proper  indicator  sohition.  On  account  of  the  carbon 
dioxide  set  free  by  the  determination,  methyl  orange  is  the  indicator 
in  commonest  use.  The  objections  already  cited  to  carrying  standard 
solutions  and  burettes  in  the  field  led  to  an  attempt  to  adopt  an 
acid  which  could  be  preserved  in  tablet  form.  Many  organic  acids 
were  tried,  but  is  was  found  that  they  were  either  too  weak  to 
afford  a  definite  end  point  or  were  of  so  deliquescent  a  character 
that  they  could  not  be  made  to  form  stable  tablets.  It  was  finally 
decided  to  adopt  the  use  of  sodium  acid  sulphate.  Tablets  made 
from  this  reagent  are  easily  regulated  in  equivalent  and  are  of  an 
extremely  stable  nature.  Tht;  results  which  can  be  procured  through 
their  use  are  very  satisfactory. 

TESTS   OF   SODIUM    ACID-SULPHATE  TABLETS. 

For  use  in  titrating  against  sodium  acid-sulphate  tablets  a  fiftieth 
normal  solution  of  sodium  carbonate  was  made,  in  which  each  cubic 
centimeter  equals  1.06  milligram  XaCO,.  Six  sets  of  five  sodium  acid- 
sulphate  tablets  each  were  then  dissolved  in  50  cubic  centimeters  of 
distilled  water  and  each  solution  was  titrated  with  the  standard 
sodiimi  carbonate.  The  results  of  these  titrations  are  shown  in  the 
following  table : 


FIELp   ASSAY   OF  WATER. 
Etandardieation  of  sodium  acidrsulphote  tabteU, 


^tt. 


rsfasao^ 

N«,CO». 

Valve  of  1  tablet 

.    c.  c. 

cc. 

MgCaCO^ 

10.60 

2.16 

2.08 

10.16 

2.06 

2.02 

10.86 

2.20 

2.08 

10.80 

2.10 

2.04 

10.10 

2.05 

2.08 

10.10 

2.06 

2.08 

ABSuming  thene  jinal  reactions, 

Ki4CC>3  +  2NaHS04  =  2Na^04  +  H,0  +  CO-i, 

and  CaCO,  +  2NaHS04  =  CaSO^  +  HjO  +  CO,  +  Na^O^, 

tlheo  for  the  i^^x^^'^ssion  of  the  value  of  our  tablet  in  milligrams  of 
|CaCOa  we  have  the  following  proportion: 

Na^CO,     106 
OaCO,  ""100- 

The  experiments  above  described  were  made  with  solutions  of  the 
^Rcid-sulphiite  tul)lets,  and  the  results  show  the  constancy  of  the  reac- 
'tion  between  the  normal  carbonate  and  the  sulphate.  They  do  not 
pshow,  iiowtner,  the  variations  which  would  occur  in  the  practical 
r  lusi*  of  the  tii})h*ts  Mppilied  directly  to  the  alkaline  solution,  as  would 
be  done  in  the  field.  Therefore  the  following  tests  are  submitted  to 
ghow  the  deviations  which  may  arise  in  successive  tablets  or  succes- 
sive sets  of  tablets.  The  tablets  used  were  marked  "  Lot  715,  sodium 
acid-sulphate  equivalent  to  1.995  milligrams  calcium  carbonated 
These  tablets  had  been  in  stock  for  several  months,  had  received  some 
rough  handling,  and  were  in  poor  condition.  In  fact,  they  repre- 
sented the  most  unfavorable  conditions  that  might  be  supposed  to 
occur  in  connection  with  the  field  use  of  tablets,  and  the  variations 
which  are  shown  may  be  accepted  as  the  extreme  variations  wliich 
are  likely  to  occur  in  common  use. 

In  testing  and  standardizing  the  sodium  acid-sulphate  tablets  nor- 
mal solutions  of  sulphuric  acid  and  sodium  carbonate  were  used. 
Tests  were  made  as  follows : 

Solutions  of  unknown  strength  of  sodium  carbonate  were  made  up 
and  the  alkalinity  was  determined  volumetrically  with  standard  sul- 
phuric acid  solution.  Following  this,  determinations  of  the  same 
unknown  solutions  were  made  with  the  tablets.  Varying  amounts 
of  the  solution  were  used,  with  a  corresponding  variation  in  the  num- 
ber of  tablets. 
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parative  determinations  of  alkalinity  in  carhonate  solutions  icith  standard 
sulphuric-acid  and  sodium  acid-sulphate  tablets. 

DONATE    SOLUTION    NO.    1.— ALKALINITY,    5,764    TARTS    PER    MILLION    IN 
TERMS  OF  CALCIUM  CARBONATE. 


Amount  of 
solution. 

Number  of 
tabletB. 

Parts  per 
million. 

Deviation 

in  parts  per 

million. 

Per  cent  de- 
viation. 

c.c. 

1.9- 

5 

5,225 

-539 

9.3 

3.5 

10 

5,674 

-  90 

1.56 

7.0 

20 

5,674 

-  90 

1.56 

11.0 
10.5 

32 
30 

1        5,726 

-  88 

.66 

17.5 

50 

5,674 

-  90 

1.56 

46.5 

185 

5,767 

4      8 

.05 

BONATB    SOLUTION    NO.    2.— ALKALINITY,    2,312    PARTS    PER    MILLION    IN 
TERMS  OF  CALCIUM  CARBONATE. 


4.5 

5 

2,207 

-103 

4.55 

10.0 

12 

2,383 

+  71 

3.1 

15.0 

18 

21.0 

25 

2,384 

+  72 

8.1 

19.0 

23 

25.5 
25.0 

30 
30 

}        2,859 

+  47 

2.0 

51.0 
50.5 

60 
59 

}        2,328 

+  14 

.61 

he  figures  of  the  above  tabled  show  that  when  a  large  number 
tablets  are  used  to  determine  alkalinity  the  results  are  more 
rly  correct  than  when  a  few  are  used.  This  is  especially  notice- 
3  in  the  first  entries  in  the  two  tables,  where  the  small  amount 
the  alkaline  solution  used  requires  only  five  tablets.  The  error 
each  of  these  cases  is  larger  than  is  permissible  even  in  field 
•k.  In  the  remainder  of  the  tests,  however,  the  variation  is  not 
iciently  great  to  be  appreciable,  especially  in  the  weaker  car- 
ate  solutions,  where  it  is  shown  that  the  use  of  a  larger  number 
tablets  involves  a  minimum  error.  This  suggests  that  in  con- 
tion  with  the  field  determination  of  carbonates  it  is  advisable, 
jrever  waters  of  a  low  alkalinity  are  tested,  to  use  a  large  amount 
the  water  in  order  that  a  large  number  of  tablets  can  l>e  used  to 
tralize  the  alkalinity,  and  thereby  avoid  the  error  arising  from 
variation  which  occurs  in  the  single  tablets. 

iRB  151—05 5 
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wBnauATion  or  alkaukxtx. 

Measure  100  cubic  centimeters  of  water  to  be  tested  into  a  fjbai 
porcelain  mortar  (4  inches  diameter).  Add  two  drops  oMth^ 
orange  indicator.  Add  NaHSO^  tablets  till  an  acid  reactifm  is 
reached.  Then  add  some  of  the  wiginal  water  that  is  being  tested, 
drop  by  drop,  till  an  alkaline  reaction  is  exactly  reacdied.  Measmf 
the  liquid  in  tike  mortar  and  to  the  amount  of  the  reading  add  1  cuhie 
centimeter  for  the  wetted  interior  of  the  dish.  The  following  lor-; 
mula  is  convenient  for  use  in  making  calculations  of' alkalinity: 

*    y^ equals  milligram  per  liter  of  CaCX),. 

When  W  equals  cubic  centimeter  of  water  used; 
n  equals  number  tablets  used; 
A  equals  value  of  1  tablet  in  milligrams  of  CaCX),. 
Each  consignment  of  tablets  is  marked  with  its  value  in  equivateit 
of  CaCO». 

NQBMAL  AND  ACm  CABBONATBS. 

It  is  nearly  always  of  value  to  determine  the  proportion  of  normal 
and  acid  carbonates  in  a  water,  for  it  affords  a  fairly  good  index  to 
the  character  of  the  base  with  which  the  cartx>n  dioxide  is  united. 
It  is  a  generally  accepted  idea  that  the  carbonates  of  the  alkaline- 
earth  metals  are,  when  in  solution  in  water,  in  the  form  of  bicarbon- 
ates.  For  the  general  purposes  of  field  work  it  may  be  considered 
that  all  bicarbonates  occurring  in  natural  waters  are  alkaline-earth 
carbonates  and  may  conveniently  be  calculated  as  CaCO,.  All 
normal  carbonates,  on  the  othei;  hand,  must  be  alkali  carbonates, 
conveniently  calculated  as  NagCOg.  This  generalization  is  not 
uniformly  true,  especially  in  certain  classes  of  western  waters.  It  has 
been  plainly  shown,  by  the  work  of  Messrs.  Frank  K.  Cameron  and 
Lyman  J.  Briggs,  of  the  Bureau  of  Soils,  United  States  Department 
of  Agriculture,  that  there  is  considerable  complexity  in  the  occur- 
rence and  equilibrium  of  carbonates  and  bicarbonates  in  waters. 
There  are,  however,  few  practical  water  problems  occurring  outside 
of  the  alkali-desert  regions  in  which  the  interpretation  of  bicarbon- 
ates as  alkaline-earth  carbonates  and  normal  carbonates  as  alkali 
carbonates  would  lead  to  erroneous  results.  The  field  men  of  the 
tJnited  States  Geological  Survey  are  therefore  instructed  to  report 
bicarbonates  as  CaCOg  and  normal  carbonates  as  Na^COj,  in  the 
absence  of  data  which  will  allow  of  other  interpretations. 

The  method  of  determining  carbonates  and  bicarbonates  in  aqueous 
solution  is  discussed  by  Mr.  Frank  K.  Cameron,  chemist  of  the  Bureau 
of  Soils,  in  Bulletin  No.  18  of  the  United  States  Department  of  Agri- 
culture, Bureau  of  Soils,  pages  77-89.    The  method  depends  upon  the 
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fact  that  while  phenolphthalein  reacts  with  the  normal  carbonates  of 
the  alkali  and  alkaline-earth  metals  and  not  with  the  bicarbonates, 
methyl  orange  reacts  with  either.  The  water  under  investigation 
is  titrated  with  a  standard  solution  of  potassium  acid  sulphate, 
using  phenolphthalein  as  an  indicator,  the  first  end  point  being  the 
complete  disappearance  of  the  red  color.  Methyl  orange  is  then 
added  to  the  solution,  and  the  titration  is  continued  with  the  same 
standard  until  a  pink  acid  reaction  is  obtained.  The  amount  of 
standard  solution  useii  to  reach  the  first  end  point  is  a  measure  of 
the  amount  of  normal  carbonates,  while  the  total  amount  used  in 
securing  both  end  points,  less  twice  that  for  the  first  end  point,  is  a 
measure  of  the  bicarbonates. 

The  reaction  taking  place  before  and  up  to  the  total  neutraliza- 
tion of  the  phenolphthalein  is  a  conversion  of  carbonates  into  bicar- 
bonates and  can  probably  be  expressed  as  follows : 

2KHSO,-f2Na2C03=Na2SO,-fK2SO,-f2NaHC03 
or 

2KHSO,+2MgC03=MgSO,-fK2SO,+Mg(HC03)2. 

Tlie  neutralization  of  bicarbonates  probably  takes  place  in  this 
manner : 

2KHS04-f2NaHC03=Na2S04+K2S04+2H,0-f2CO, 
or 

2KHS04+Mg(HC03)2=MgSO,+K2SO,-f2H,0-f2C02. 

It  is  evident  that  when  the  end  point  with  phenolphthalein  has 
been  reached  there  remains  as  a  product  of  the  first  reaction,  in  addi- 
tion to  the  bicarbonates  originally  present,  an  amount  of  bicarbon- 
ates equal  in  reacting  power  to  the  reaction  shown  by  the  phe- 
nolphthalein. In  other  words,  double  the  amount  of  potassium  acid 
sulphate  required  to  convert  the  carbonates  to  bicarbonates,  and  so 
destroy  the  color  of  the  phenolphthalein,  is  necessary  to  completely 
neutralize  the  normal  carbonates  as  indicated  by  methyl  orange. 
This  must  be  taken  into  consideration  in  computing  the  results  from 
the  titration. 

Inasmuch  as  the  reactions  taking  place  when  sodium  acid  sulphate 
is  used  must  be  similar  to  those  with  the  use  of  potassium  acid  sul- 
phate, there  is  no  reason  to  believe  that  the  tablets  now  in  use  in  this 
division  may  not  be  substituted  for  the  standard  solution  suggested  by. 
Mr.  Cameron.  Experiments  have  been  made  to  determine  the  accu- 
racy of  the  results  obtainable  and  are  discussed  in  the  following 
paragraphs. 

An .  unknown  amount  of  thoroughly  fused  Kahlbaum's  sodium 
bicarbonate  was  dissolved  in  distilled  water  that  had  previously  beer 
boiled  to  drive  out  carbonic  acid.    Twenty-five  cubic  centimeters  < 
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this  solution,  which  should  contain  gdIj  sodium  oaiboiuite,  was  tested 
by  adding  phenolphthalein,  triturating  and  disserving  standard  tab- 
lets of  sodium  acid  sulphate  till  decolorized,  adding  me^jl  orange, 
and  continuing  the  trituration  until  the  methyl-orange  end  point  was 
reached.  Another  equal  porticm  of  the  solution  was  tested  by  addiiig 
methyl  orange  alone  and  dissolving  tablets  until  the  end  point  was 
reach^.    The  results  in  the  two  cases  were  as  follows: 

1.  Necessary  for  phendphthalein  end  point . ..    StaMetiL 

Bzcees  neeeasary  for  metliyl-oraiige  end  point.. Stablela. 

%  Total  necessaiy  for  metbyl-orange  end  point .^ IS  tablets. 

Two  solutions  were  then  made,  one  similar  to  the  first,  of  sodioin 
carbonate  in  boiled  distilled  water,  the  other  of  supposedly  pure 
Kahlbaum's  sodium  bicarbonate  in  distilled  water,  also  boiled.  These 
were  tested  by  solution  of  tablets,  using  first  phenolphtlialein  and 
then  methyl  orange  as  an  indicator,  as  in  the  first  case. 

Sodium  carbonate  solution^ ,. 25 caMc centlmetai. 

Necessary  for  pbenolphtbaleln  end  point 1 27tid>let8. 

Necessary  excess  for  meUiyl-orange  ^id  point : 27  tBbleta. 

Sodium  bicarbonate  solution 25  coble  osnUmeteni 

Necessary  for  pbenolphtbaleln  ^id  point . —  IStabletBi 

Necessary  excess  for  methyl-orange  end  point 67  tablets. 

It  is  evident  that  the  solution  of  bicarbonate  was  impure,  80  tablets 
out  of  a  total  of  72  being  required  for  the  neutralization  of  the  normal 
carbonate.  A  mixture  of  these  two  solutions  was  then  made,  as 
follows: 

Cubic  centi- 
meters. 

Sodium  carbonate  solution 100 

Solution  containing  bicarbonate 100 

Distilled  water  (boiled) 200 

It  is  evident  that  the  number  of  tablets  required  by  this  solution,  if 
the  method  is  reliable,  will  be  equal  to  one- fourth  of  the  sum  of  all 
the  tablets  used  to  neutralize  the  two  original  solutions,  25  cubic  centi- 
meters being  taken  in  each  case.  This  should  be  true,  not  only  of 
the  whole  determination,  but  of  each  part.  Tests  made  of  the  mix- 
ture resulted  as  follows : 

Necessary  for  phenolphthalein  end  point lOi  tablets. 

Necessary  excess  for  methyl-orange  end  point 21  tablets. 

Inspection  of  these  figures  and  comparison  with  those  preceding 
indicate  that,  in  so  far  as  it  is  possible  to  judge  under  the  conditions, 
the  method  is  accurate  and  reliable. 

To  make  the  determination,  measure  a  convenient  quantity  of  the 
water  to  be  tested  into  a  porcelain  mortar  and  add  4  drops  of 
phenolphthalein  (1  per  cent).  Triturate  the  standard  NaHS04  ^^ 
ie^s  in  the  mortar,  one  at  a  time,  until  the  color  disappears.    Note  the 
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number  of  tablets  and  then  add  4  drops  of  methyl  orange  (1  per  cent) . 
Continue  the  titration  with  the  tablets  until  the  orange  color  of  the 
solution  changes  to  a  faint  pink.  Then  note  the  total  number  of 
tablets  used  in  both  titrations.  The  equivalent  of  the  sodium  acid- 
sulphate  tablets  is  usually  given  in  terms  of  calcium  carlx)nate. 
Therefore  the  amount  of  bicarbonates  in  the  water  may  be  calcu- 
lated directly  from  this  valuation.  In  order  to  calculate  the  normal 
carbonates  as  NagCOa,  it  will  be  necessary  to  multiply  the  valuaticm 
of  the  sodium-sulphate  tablets  given  by  1.06,  the  conversion  factor  of 
CaCOa  to  NajCOg. 

For  computation  of  the  normal  carbonates  in  parts  per  million, 
double  the  number  of  tablets  used  for  the  decolorization  of  phenol- 
phthalein,  multiply  by  the  equivalent  of  each  tablet  in  milligrams 
NajCOg.  Then  multiply  this  product  by  1,000  and  divide  the  whole  by 
the  number  of  cubic  centimeters  of  the  sample  tested.  To  find  bicar- 
bonates in  parts  per  million,  subtract  from  the  total  number  of  tablets 
used  in  the  two  titrations  twice  the  number  required  for  the  phenol- 
phthalein  end  point  and  multiply  this  difference  by  the  equivalent  of 
each  tablet  in  terms  of  calcium  carbonate.  Tlien  multiply  this  prod- 
uct by  1,000  and  divide  by  the  number  of  cubic  centimeters  of  water 
tested. 

For  the  convenient  expression  of  the  above  in  formulas,  assume  the 
following  symbols : 

A  =  equivalent  of  NaHS04  tablets  in  terms  of  milligrams  of  CaCO,. 
B=equivalent  of  NaHS04  tablets  in  terms  of  milligrams  of  NaoCOg. 

The  conversion  factor  being  1.06,  we  have 

A=.A  orB  =  1.06A. 
1.06 

n  =  number  of  tablets  used  to  reach  first  or  phenolphthalein  end  point. 
N  =  number  of  tablets  used  to  reach  second  or  methyl-orange  end  point. 
W=  amoimt  in  cubic  centimeters  of  water  tested. 

Then  for  the  determination  of  normal  carbonates  we  have  the  formula 

2,000nB 
W 
and  for  the  determination  of  bicarbonates 

l,000(N-2n)A 
W 

The  results  of  the  two  above  equations  will  be  the  expression  of  parts 
per  million. 

SULPHATES. 

Water  generally  contains  either  one  or  more  of  the  sulphates  of 
sodium,  potassium,  calcium,  magnesium,  and  iron.  If  present  in 
minute  amounts  the  effect  of  any  or  all  of  them  is  negligible,  but  if 


to  FIELD  ASSAY   OF  WATSB.  pwiMt 

they  appear  in  large  proportions  they  do  damage  in  every  brandi  of 
sci^ioe  or  industry  in  which  it  is  necessary  to  use  water.  CSaldmn, 
magnesium,  and  iron  sulphates  damage  boilers,  textiles,  soaps,  mail 
liquors,  paper,  and  many  other  manufactured  products,  while  th^ 
-render  water  undesirable  for  domestic  purposes.  The  sulphates  of 
sodium  and  potassium  are  troublesome  in  boilers,  and  damage  crops 
when  water  containing  large  amounts  is  used  for  irrigation.  A 
knowledge  of  the  amount  of  sulphates  in  a  water  is  of  great  im- 
portance. 

The  determinati<m  of  sulphates,  as  it  is  usually  performed  in  the 
laboratory,  is  i^  slow,  laborious,  and  expmsive  process.  A  field 
method  has,  howeyer,  be^i  devised  by  whidi  the  sulphates  can  be 
determined  in  a  few  minutes  and  with  a  degree  of  accuracy  sufficient 
for  all  practical  purposes.  The  determination  involves  the  use  of 
the  Jackson  turbidimeter,  described  on  previous  pages.  In  tlie  fed- 
lowing  paragraphs  the  determination  of  sulphates  is  described  bj 
the  originator  of  the  method,  Afr.  Daniel  D.  Jackson : 

]«TBMINATION  BT  TUBBnnUKTBB. 

Knowledge  of  the  amount  of  milphatee  in  a  water  to  be  used  fSor  industrial 
purposes  is  ei^>ecially  impwtant  The  scale  which  is  most  troablesome  to  remoTe 
ttom  boilers  is  produced  by  the  precipitation  of  solphate  of  lime.  If  tJie  amonot 
of  sulphate  is  considerable  the  determination  of  lime  may  be  made  by  tlie 
turbidimeter  with  a  fair  degree  of  accuracy.    The  method  is  as  follows : 

To  100  cubic  centimeters  of  water  to  be  tested  add  1  cubic  centimeter  of  hydro- 
chloric acid  (1-1)  and  1  gram  of  solid  barium-chloride  crystals.  If  the  amount 
of  sulphate  is  low,  200  or  300  cubic  centimeters  of  water  must  be  treated  in 
order  to  fill  the  longer  tube  employed.  In  this  case  add  1  cubic  centimeter  of 
acid  and  1  gram  of  barium  chloride  for  each  100  cubic  centimeters  of  water 
taken. 

The  mixture  should  be  allowed  to  stand  for  ten  minutes,  and  in  this  time  it 
should  be  frequently  shaken.  It  is  best  to  employ  a  bottle  for  this  purpose. 
Treating  the  water  in  the  cold  with  solid  barium  chloride  causes  the  barium 
sulphate  to  be  precipitated  in  a  finely  divided  state,  and  the  turbidity  produced 
may  then  be  read  by  either  the  candle  or  the  electric  turbidimeter. 

In  the  lower  part  of  the  tube  the  end  point  is  taken  when  the  hazy  cross  of 
light  disappears.  This  Is  a  higher  reading  than  the  point  where  the  sharp 
cross  disappears.  Higher  up  in  the  tube  there  is  no  hazy  cross  of  light,  and  the 
end  point  is  the  disappearance  of  the  sharp  cross  of  light  When  this  point 
Is  obtainetl,  remove  the  glass  tube  and  find  the  depth  of  the  liquid  (using  the 
bottom  of  the  meniscus  in  reading).  Refer  this  reading  to  the  accompanying 
table  to  obtain  the  parts  per  million  or  grains  per  gallon  of  sulphate  present 

The  readings  of  these  instruiiienta  are  only  to  a  very  slight  extent  affected 
by  the  amount  of  light  used,  so  that  a  fairly  wide  variation  in  this  respect  gives 
little  or  no  error  in  the  result  This  is  also  true  with  variations  in  the  color 
of  dilTerent  natural  waters.  The  reason  for  this  lies  in  the  fact  that  the  end 
point  Is  not  to  any  great  extent  dependent  upon  the  amount  of  light  cut  out, 
but  to  the  complete  covering  up  of  the  Image  of  light  by  the  particles  in  suspen- 
sion. It  Is  surprising  to  find  that  the  interposition  of  disks,  even  of  highly  col- 
ored glass,  produces  little  or  no  effect  upon  the  end  point 
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In  using  the  electric  turbidimeter,  if  the  image  becomes  perceptibly  dim  the 
attery  is  replaced  by  a  fresh  one,  but  if  the  analyst  is  careful  to  keep  the  light 
irned  off  except  when  actually  making  readings  the  batteries  will  last  for  a  con- 
derable  period  of  time.  Fresh  electric  bulbs  and  batteries  may  be  obtained 
•cm  the  Howard  Electric  Novelty  Company,  221-227  Canal  street.  New  York 
ity,  or  183  Lake  street,  Chicago.  If  any  parts  of  the  instrument  are  lost  or 
roken  they  may  he  replaced  by  Baker  &  Fox,  83  Schermerhom  street,  Brook- 
n.  N.  Y. 

able  far  converting  readings  in  depths  bp  the  turbidimeter  into  parts  per  mil- 
lion or  grains  per  gallon  of  sulphate. 


Reading  in 
centime- 
ters. 

Parts  per 

million, 

SO,. 

Grains  per 
United 

States  gal- 
lon, SOs. 

Reading  in 
centime- 
ters. 

Parts  per 

million, 

8O3. 

United 
States  gal- 
lon, SOs. 

1.0 

522 

80.5 

3.9 

144 

8.4 

1.1 

478 

28.0 

4.0 

140 

8.2 

1.2 

442 

25.8 

4.1 

137 

8.0 
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PRECAUTIONS  IN  USE  OF  INSTRUMENT. 

1.  The  same  care  should  be  taken  as  In  measuring  turbidity  to  have  the  tur- 
bidimeter in  good  running  order.  2.  Always  shake  the  solution  until  all  the 
barium  chloride  is  dissolved.  Otherwise  a  flaky  precipitate  may  be  obtained. 
a.  Since  the  barium-sulphate  precipitate  is  very  heavy,  the  solution  should  be 
mixed  frequently  by  pouring  and  shaking  while  readings  are  being  made.  4. 
Only  sufficient  hydrochloric  acid  should  be  added  to  make  the  water  acid. 

CALCIUM. 

The  determination  of  calcium  is  made  by  means  of  the  turbidi- 
meter, the  method  being  similar  to  that  described  in  the  chapter  on 
sulphates.  It  is  the  latest,  and  therefore  the  least  known,  of  all  the 
determinations  here  described.  While  the  results  which  have  been 
reached  by  this  method  appear  to  be  satisfactory,  no  particular  plan 
has  yet  been  offered  to  determine  certain  necessary  facts  with  ref- 
erence to  the  behavior  of  precipitated  calcium  oxalate.  The  method 
depends  upon  the  turbidity  produced  by  the  precipitation  of  calcium 
oxalate  upon  the  addition  of  ammonium  oxalate  to  the  water  under 
investigation.  Whether  or  not  the  variations  which  occur  in  the 
character  of  this  precipitate  under  different  conditions  are  sufficient 
to  affect  appreciably  the  degree  of  turbidity  produced  is  a  matter 
which  is  yet  to  receive  attention. 

The  test  is  made  in  the  following  manner :  To  100  cubic  centimeters 
of  the  water  to  be  tested  add  a  few  drops  of  ammonium  hydroxide, 
NH4OH.  The  amount  added  should  be  barely  sufficient  to  impart  to 
the  water  a  perceptible  ammoniacal  odor.  Then  add  crystals  of  am- 
monium oxalate.  The  amount  of  crystals  to  be  added  depends,  of 
course,  upon  the  amount  of  lime  in  the  water.  As  this  is  yet  undeter- 
mined, care  should  be  taken  to  add  an  excess  of  ammonium  oxalate. 
Mix  thoroughly  and  allow  the  solution  to  stand  for  ten  or  fifteen 
minutes.  Then  determine  the  turbidity  wath  the  Jackson  turbidi- 
meter precisely  as  described  in  pi'evious  pages  in  the  case  of  sulphates, 
and  state  the  amount  of  calcium  according  to  the  table  given  below. 

The  treatment  above  described  will  precipitate  materials  other  than 
calcium,  but  they  are  usually  in  so  small  a  proportion  in  natural 
waters  that  they  do  not  often  give  trouble.  The  most  frequent  com- 
plication arises  from  the  precipitation  of  magnesium  on  the  addition 
of  ammonia.  If  the  precipitate  is  sufficient  in  amount  to  materially 
affect  the  degree  of  turbidity  it  should  be  filtered  before  the  addition 
of  ammonium  oxalate. 
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The  table  giTen  bdow  for  the  determination  of  calcium  is  less  mil 
&ctory  than  that  for  sulphates,  and  it  will  pn>bablj  be  found  tiu 
corrections  must  be  made  as  future  experience  dictates- 
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INSTRUMENTS  AND  REAGENTS. 


The  field  case  (see  PI.  IV)  contains  the  instruments  and  reagents 
described  below : 

1.  A  Berkfeld  army  filter  for  removing  suspended  matter  from 
water  under  investigation.    The  porous  stone  in  this  filter  should 


JHTOJf.l  INSTRUMENTS  AND   REAGENTS.  75 

removed  from  the  tube  frequently  and  thoroughly  cleansed  with 
J  small  stiff  brush  provided  for  this  purpose.  If  it  is  desired  to 
ure  sterile  water,  or  if  the  only  water  available  is  known  to  be 
lluted  and  a  supply  for  drinking  purposes  is  desired,  the  filter  stone 
>uld  be  boiled  or  baked  frequently.     Watch  the  filter  stone  closely 

•  cracks  and  imperfections.  When  water  is  pumped  through  the 
er,  care  should  be  taken  that  the  suction  end  does  not  rest  on 
id  or  mud ;  such  materials,  if  drawn  into  the  buckets  of  the  pump, 
5  troublesome  and  materially  shorten  the  term  of  usefulness  of  the 
er. 

L  One  or  more  leather  cases  containing  tubes  of  reagent  tablets. 
le  equivalent  of  each  tablet  of  the  various  reagents  should  be  noted 
a  slip  pasted  upon  the  inside  of  the  case. 

The  tablets  are  packed  in  tubes  to  prevent  mechanical  agitation, 
lis  is  highly  important,  because  if  the  tablets  are  loosely  packed 
OSS  of  active  chemical  reagent  is  inevitable.  Tablets  which  show 
:ns  of  extraordinary  wear  should  be  rejected.  In  using  a  tube 
B  of  the  cork  stoppers  should  be  removed  and  the  tablets  poured 
b  as  needed.  WTien  the  end  point  is  reached  the  cork  sliould  be 
)laced  and  the  stoppers  in  the  opposite  end  of  the  tube  should  be 
shed  through  the  lumen  until  the  tablets  remaining  in  the  tube  are 
ejected  against  the  opposite  stopper,  thus  holding  them  securely. 
Sodium-oleate  tablets  are  packed  in  unmarked  transparent  glass 
)es.  Two  grades  of  silver-nitrate  tablets  are  usually  issued.  The 
>es  containing  tablets  of  the  higher  equivalent  have  a  cross  etched 
the  glass,  while  those  with  the  lower  equivalent  are  etched  with 
ingle  transverse  line.  The  sodium  acid-sulphate  tablets  are  packed 
transparent  glass  tubes,  upon  each  of  which  is  etched  the  symbol 
HSO,. 
J.  One  case  containing  four  aluminum  tubes  for  natural  color  and 

•  iron  determinations.  There  will  also  be  provided  brown-glass 
;ks  for  the  color  determination  or  red-glass  ones  for  the  iron,  or 
th.  The  equivalent  of  each  disk  in  terms  of  parts  per  million  is 
craved  on  the  aluminum  rim. 

L  One  Jackson  candle  or  electric  turbidimeter  with  two  graduated 
linders  for  same.  An  extra  electric  bulb,  a  ground-glass  disk,  a 
iss  cross  disk,  a  standard  English  candle,  and  a  dry  battery  will  be 
3vided  with  each  turbidimeter.  Tlie  field  observer  should  not  use 
y  dry  battery  which  has  l)een  in  his  possession  over  sixty  days, 
espective  of  the  intensity  of  the  light  produced  by  it.  Candles 
ler  than  the  standard  English  sperm  should  not  be  used. 
The  candle  turbidimeter  should  be  used  in  preference  to  the  electric 
enever  possible,  as  the  former  is  the  more  steady  instrument  and 
ures  uniformity  of  results.    If,  however,  it  is  necessary  to  make 


76  FIELD  A88AY  OF  WAfSB.  pn^n. 

determinations  in  exposed  places  when  the  wind  is  Mowing,  the  ele^ 
trie  turbidimeter  must  be  used,  as  the  slightest  ^akeamg  of  the  candk 
flame  will  introduce  errors  in  tiie  determinations.  Whenever  possiUe^ 
water  samples  should  be  carried  to  a  ccmvenient  dielter  and  assayed. 

6.  Seven  special  dropping  bottles  contaming  the  following  ret- 
gents:  Concentrated  nitric  add  (HNO,) ;  concentrated  hydrodilorie 
acid  (HCl) ;  concentrated  ammonium  hydroxide  (NH^OH)  ;  two  per 
cent  solution  of  potassium  sulphocyanide  (KONS) ;  five  per  oent  aobh 
tion  of  potassium  chromate  (ElsCrOt) ;.  one  per  cent  scdution  of 
phenolphthalein;  one-tenth  per  cent  solution  of  methyl  oranga 

Care  should  be  taken  to  close  the  stoppers  in  these  dropping  bottks 
where  they  are  packed  in  the  cases. 

6.  Two  salt-mouth  botties  ccmtaining  pure  erysbds  of  bttiai 
chloride  and  ammonium  oxalate.  -^ 

All  botties  containing  chemicals  have  etdied  labels,  emoopt  HkB 
indicators,  the  colors  and  odors  of  which  are  sufficient  for  idenlifi- 
cation. 

7.  One  heavily  glased  porcelain  mortar  and  pestie. 

8.  One  round-bottom  glass  bottie,  with  glass  pestle,  tot  hnrdmm 
determination. 

9.  One  small  horn  spoon  for  handling  crystals  noted  in  sectum  & 

10.  One  Sec  pipette  in  case  for  general  use  in  meamiring  small 
amounts  of  liquid. 

11.  One  centigrade  thermometer  in  brass  case. 

12.  One  loose-leaf  notebook.  This  notebook  is  made  up  of  printed 
cards,  with  every  alternate  leaf  a  blank. 
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may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8) ,  on  application. 

2.  A  certain  number  are  allotted  to  every  member  of  Ck)ngress,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geolog>*;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  0,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  eleventh  in  Series  L,  the  complete  list  of  which  follows. 
(PP=Profe8sional  Paper;  B=Bulletin;  WS= Water-Supply  Paper.) 

Series  L— Quality  of  Water. 

W8     3.  Sewage  irrigation,  by  G.  W.  Rafter.    1897.    100  pp.,  4  pis.    (Out  of  stock.) 

WS   22.  Sewage  irrigation,  Pt.  II,  by  G.  W.  Rafter.    1899.    100  pp.,  7  pis.    (Out  of  stock.) 

WS   72.  Sewage  pollution  near  New  York  City,  by  M.  O.  Leighton.    1902.    75  pp.,  8  pis. 

WS   76.  Flow  of  rivers  near  New  York  City,  by  H,  A.  Pressey.    1903.    108  pp  ,  13  pis. 

WS    79.  Normal  and  polluted  waters  in  noriheastem  United  States,  by  M.  O.  Leighton.    1903.    192  pp., 

15  pis. 
WS  108.  Review  of  the  laws  forbidding  pollution  of  inland  waters  in  the  United  States,  by  E.  B. 

Goodell.    1901.    120  pp. 
WS  108.  Quality  of  water  in  the  Susquehanna  River  drainage  basin,  by  M.  O.  Leighton,  with  an 

introductory  chapter  on  physiographic  features,  by  G.  B.  Hollister.    1904.    76  pp.,  4  pi.*?. 
W8113.  Strawboard  and  oil  wastes,  by  R.  L.  Sackett  and  Isaiah  Bowman.    1905.    52  pp.,  4  pis. 
Via  121.  Preliminary  report  on  the  pollution  of  Lake  Champlain,  by  M.  O.  Leighton.    1905.    119  pp., 

13  pis. 
VTS 144.  The  normal  distribution  of  chlorine  in  the  natural  waters  of  New  York  and  New  England, 

by  D.  D.  Jackson.    1905.    31  pp.,  5  pis. 
^S  151.  Field  assay  of  water,  by  M.  O.  Leighton.    1905.    77  pp.,  4  pis. 

Correspondence  should  be  addressed  to 

The  Director, 

United  States  Geological  Survey, 

Washington,  D.  C. 
October,  1906. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington,  D.  C,  August  17,  1905. 

Sir:  I  transmit  herewith  a  manscript  entitled  ^'A  Review  of  the 
Laws  Forbidding  Pollution  of  Inland  Waters  of  the  United  States," 
prepared  by  Edwin  B.  Goodell,  and  request  that  it  be  published  as  a 
water-supply  and  irrigation  paper.  This  paper  is  a  second  edition  of 
Water-Supply  Paper  No.  103,  published  last  year.  The  subject- 
matter  has  been  brought  to  date  by  the  incorporation  of  the  statutes 
passed  since  the  first  edition  was  prepared,  and  the  section  on  pollu- 
tion under  the  common  law  has  been  amplified  to  include  the  arid 
States  and  Territories. 

One  of  the  important  features  involved  in  the  determination  of 
the  water  supplies  of  the  United  States  and  the  preparation  of  reports 
upon  the  best  methods  of  utilizing  water  resources  is  the  character  of 
those  supplies.  In  the  more  populous  sections  of  the  country  the 
quality  of  water  is  dependent  to  a  large  degree  upon  the  amount  and 
character  of  the  pollution  which  is  allowed  to  discharge  into  the 
streams.  Therefore  it  has  been  found  desirable  to  study  different 
State  laws  regulating  and  controlling  this  matter  and  to  determine 
the  scope  of  the  work  to  a  large  degree  according  to  them. 

Mr.  Goodell  has  presented  the  subject  of  antipollution  laws  in  a 
manner  which  will  lx»  of  assistance  to  public  officials,  water  compa- 
nies, manufacturers,  farmers,  and  legislators,  rather  than  to  members 
of  the  bench  and  bar.  The  broad  legal  principles  under  which  anti- 
pollution statutes  become  operative  are  explained,  and  important 
court  decisions  are  quoted  to  show  authority  for  various  deductions. 
The  statutes  enacted  in  the  different  States  are  classified  according  to 
the  general  scope,  and  an  opportunity  is  thereby  afforded  to  compare 
their  effectiveness  and  desirability.  In  short,  the  pa|x»r  provides 
specific  information  necessary  to  a  popular  knowledge  of  the  condi- 
tions in  each  State  with  respect  to  one  feature  of  the  conservation  of 
natural  water  resources.  Its  distribution  should  be  of  material  assist- 
ance in  bringing  about  a  general  apprehension  of  correct  principles 
upon  the  subject. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 

Hon.  Charles  D.  Walcott, 

Director  United  Statea  Geological  Survey. 
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A  REVIEW  OF  THE  LAWS  FORBIDDING  POLLUTION  OF 
INLAND  WATERS  IN  THE  UNITED  STATES. 


By  Edwin  B.  Goodell. 


This  subject  naturally  divides  into  two  parts:  (1)  A  summary  of 
the  common  law  upon  the  subject  of  water  pollution — i.  e.,  the  law  as 
pronounced  and  determined  by  the  courts  independently  of  legis- 
lative action,  and  (2)  a  summary  or  abstract  of  the  statutes  enacted 
by  the  various  legislatures  for  the  correction  of  the  evil. 

WATER  POIiliimON  UNDER  THE  COMMON  liAW. 

The  full  treatment  of  this  branch  of  the  subject  involves  the  exami- 
nation of  the  very  numerous  decisions  which  have  been  rendered  by 
the  courts  in  England  and  the  United  States  in  the  determination  of 
litigation  arising  from  alleged  violations  of  the  right  to  have  inland 
waters  preserved  in  their  natural  state.  It  necessarily  follows  that  a 
full  treatment  of  this  branch  of  the  subject  would  be  beyond  the 
scope  of  this  paper.  It  is  not  the  purpose  of  the  present  publication 
to  furnish  a  complete  work  upon  water  pollution  for  the  use  of  mem- 
bers ^f  the  bench  and  bar,  but  rather  to  put  into  the  hands  of  public 
officials  and  others  who  may  be  interested  in  the  subject  a  guide  for 
their  action  and  references  to  the  sources  from  which  a  more  exhaust- 
ive knowledge  of  the  subject  may  be  obtained  if  required. 

No  attempt,  accordingly,  will  be  here  made  to  present  a  detailed 
statement  of  the  entire  law  against  water  pollution  as  it  exists  inde- 
pendently of  statutes,  but  this  branch  of  the  subject  will  be  confined 
to  a  statement  of  the  general  principles  which  are  to  be  deduced  from 
the  decisions,  with  references  to  some  of  the  leading  cases. 

PRINCIPLES  AND  DECISIONS. 
CLASSIFICATION. 

These  principles  and  decisions  have  been  classified  and  are  pre- 
sented in  the  following  groups : 

A.  The  rights  of  riparian  owners  to  pure  water  as  against  one 
another. 
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B.  The  rights  of  the  public  (as  distinguished  from  individuil 
owners)  to  have  inland  waters  kept  free  from  pollution  by  riparian 
owners  or  others. 

C.  The  conditions  under  which,  and  the  extent  to  which,  public 
municipalities  may  use  inland  waters  in  disposing  of  sewage  matter 
from  public  sewers. 

A.  RIGHTS  OF  BIPABIAN  OWNflKB  TO  PURE  WATBR  AS   AGAIX8T  OKE 

ANOTHER. 

In  contemplation  of  law  the  water  flowing  over  the  land  is  part 
of  the  realty  and  belongs  to  the  owner  of  the  soil.  But  the  latter's 
ownership  Uiereof  is  a  qualified  one.  He  may  use  it  in  certain  ways 
as  it  passes,  may  take  from  it  for  his  own  use  to  a  certain  extent,  and 
may  thus,  incidentally,  somewhat  diminish  its  volume  and  slightly 
alter  its  character.  But  its  nature  is  to  pass  on  to  the  owners  of  the 
adjoining  soil,  and  the  next  owner  has  precisely  the  same  rights 
therein  as  every  other  owner.  It  follows,  therefore,  that  as  no  ripa- 
rian owner  of  a  stream  may  appropriate  all  the  water  which  comes 
to  him,  neither  may  he  so  corrupt  or  pollute  it  as  to  injure  the  other 
owners  by  diminishing  the  value  of  their  property  in  the  natural 
stream.  This  prohibition  is  independent  of  any  statute;  it  is  a  part 
of  the  law  of  the  land,  except  in  certain  of  the  arid  and  mining  States 
of  the  West;  its  application  in  these  is  discussed  on  pages  21-23. 

The  conflict  of  rights  between  the  several  ownei"s  has  given  rise  to 
litigation  in  many  hundreds  of  instances,  and  it  is  impossible  to  give 
a  rule,  limiting  the  owner's  right  to  use  the  water  of  a  stream  as  it 
passes,  more  exact  than  this :  Every  owner  may  make  such  use  of  the 
water  for  fanning  and  domestic  purposes  as  is  reasonable,  and  in 
the  States  in  which  the  doctrine  of  prior  appropriation  obtains»may 
use  the  water  which  he  has  acquired  by  appropriation,  and  the  lower 
owners  must  accept  the  diminution  and  perturbation  of  the  water 
which  ne(»essarily  follows  from  this  reasonable  use. 

If  the  use  for  farming  or  domestic  purposes  is  challenged  by  an- 
other owner,  the  question  of  its  reasonableness,  in  that  case,  is  to  l)e 
determined  by  court  or  jury  as  a  question  of  fact. 

If  the  water  is  used  for  any  other  than  farming  or  domestic  pur- 
poses, it  must  be  such  a  use  as  will  not  change  the  character  of  the 
water  from  its  natural  state  or  make  it  less  useful  to  other  ownei"s. 

If  the  riparian  owner  cast  sewage,  filth,  or  waste  material  therein, 
he  does  it  at  his  ix»ril. 

Independent  of  statutory  provisions  there  is  a  remedy  for  these 
wrongs  in  the  following  ways: 

By  private  suit  against  the  wrongdoer  for  damages. 

By  injunction  when  the  wrong  is  a  continuing  one. 

By  indictment  when  the  injury  affects  the  rights  of  the  public 
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Where  the  acts  causing  the  i^olhition  are  done  in  one  jurisdiction 
and  the  injuries  suffered  are  in  another,  the  injured  party  has  his 
remedy  in  a  civil  action  to  the  same  extent  as  if  the  injurious  act  and 
the  resuhing  injury  were  in  the  same  jurisdiction. 

These  general  principles  will  he  found  to  be  fully  sustained  by  the 
cases.    The  following  are  given,  not  as  an  exhaustive  list,  but  to 
enable  the  reader  to  find  authorities  if  his  needs  require : 
Alabama : 

Drake  v.  Iron  Co..  14  So.  Rep..  749 ;  102  Ala..  501 ;  24  L.  U.  A.,  64 ;  48  Am. 
St.  Rep.,  77. 

Tenii.  Coal  Co.  r.  Hamilton,  14  So.  Rep.,  107. 

Lewis  r.  Stein,  10  Ala.,  214. 
Arkansas : 

State  V,  Chapin,  17  Ark.,  501. 
California : 

I»ottor  r.  Froment  et  al..  47  Cal.,  105. 

People  ?'.  Elk  River  Mill  and  Lumber  Co.,  107  Cal.,  214;  S.  C.  40  Pac.  Rep., 
4»>. 

Mining  Co.  r.  Mining  Co..  48  Pac.  Rep.,  828. 

I»eople  r.  Gold  Run  Ditcb  Co.,  m  Cal.,  138 ;  50  Am.  Rep.,  80 ;  4  Pac.  Rep., 
1152.a 
Colorado : 

City  of  Durango  r.  Cbapman,  00  Pac.  Rep.,  (535. 
Connecrticut : 

Morgan  v,  Danbur>%  07  Conn..  484. 

Nolan  V.  New  Britain,  00  Conn.,  VA\S. 
4leorgia : 

Satterfield  r.  Rowan,  88  (ia.,  187 ;  S.  C.  9  S.  E.  Rep..  077. 
Indiana : 

Muncie  Pulp  C^.  r.  Martin,  55  N.  E.  Rep.,  790. 

State  t\  Herring  (Ind.,  1897),  48  N.  E.  Rep.,  598. 

State  r.  VVabasb  Paiwr  C^o..  48  N.  E.  Rep.,  05:{. 

Weston  Pai)er  Co.  r.  Poih»,  155  Ind.,  31>4. 

IndianaiK)lis  Water  Co.  i\  Am.  Straw  Board  Co.,  57  Fed.  Rep.,  1000. 
Iowa : 

Ferguson  r.  Mfg.  Co..  11  la.,  57(J :  S.  C.  42  N.  W.  Rep.,  448. 

Kinnaird  i\  Oil  Co.  (Ky.),  12  S.  W.  Rep.,  937. 
Maine : 

(lerrish  r.  Brown,  51  Me.,  2.">0,  81  Am.  IKh?.,  509. 
Mar>'land : 

Baltimore  r.  Warren  Mfg.  Co.,  59  Md.,  90. 

Price  i\  Lawson,  74  Md.,  499. 
Massachusetts : 

Ball  r.  Nye,  99  Mass.,  582. 

Martin  r.  Gleason,  i:59  Mass..  ms. 

Merrifield  v,  I^mbard.  13  Allen,  10. 

Woodward  r.  Worcester,  121  Mass.,  245. 

Dwight  Printing  Co.  r.  Boston,  122  Mass.,  583. 

McCienness  r.  Adriatic  Mills,  110  Mass.,  177. 

oThis  <yse  was  one  ])r()ught  in  behalf  of  the  people  to  restrain  a  pu]>l!c  nuisance, 
caused  by  discharging  the  refuse  fr(»m  mining  operations  Into  an  unnavi^ble  stream. 
The  Injunction  was  granted  and  it  was  held  that  the  right  to  pollute  the  stream  in  tlri| 
manner  could  not  lx>  gained  by  prescription.  I 
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Roller  MU1»  t\  WH^^ht.  30  Minn,,  2r»4, 
[Isstsslppl : 

Mis^slwiilppl  Mills  r.  Smltlx,  mi  Mlsn.,  2SM):  a  C.  11  So.  Hep,,  m 
Llimonrl : 

SiuiUx  t\  Ouniitlijr,  11  Mw..  517, 
ew  H«tn|isblre : 

Hay««  tK  Wiildn>D.  44  N>  ll»  Tim. 
iew  Jersey : 

Bolnmiiii  r.  BoHlng  ^prlii|^  Co,,  1  MeC^rt,  335. 

A(tt|iinr'ktnjortk  Wntor  fV>.  i\  Watsson,  2  StevT.  Eq,,  3061. 

Kfiii  li  r.  KU^rnii^;  Inni  Jiml  Zluc  Co.,  9  Dk-k,,  «5. 

Ham*-^  <*»»«*  utllriuetl  on  H[»j>ea!,  10  Dtrk*  824. 

(St'i'  lilt*  o|>luiaii  of  Pltni^y,  V.  t\.  lit  the  last-«it^  ease.  gfT^n  In  ftiLJ  <m 
J>p.  1I-L1>0 

O^KUt'y  r.  Mc*t'h€Pnej,  3  I.ane,,  278, 

ajv(>rt  r,  Cruiiford,  HI  N.  Y.,  ri2L 

Towfii*oiia  t\  lifii,  24  N.  y.  a  (7o  iiuii,  55; y,  imi. 

Htnlth  r.  Cninford,  32  N.  Y.  S,.  375. 
bio: 

Tlie  C'4>I«ml>iJj».  etc.,  Co,  r\  Tueker,  48  Ohio  St„  41 ;  S,  C.  2i\  N.  E.  Rep-,  C3fl 

Tluiyt^r  r.  BrookH,  17  Oblo,  489. 
euUfiyLvnuhi : 

KltVr  r.  r^ykoiiK  Viilk*y  tNial  Co,,  iri7  Pii,  Ht,  40a 

IIloflHon  tr,  MnrkU\  171  l'«.  8t.,  im 

Stevtmson  r,  EljorvtileCtml  C^„  201  Pii,  Ht,  112. 
hO(l<^  Inlriod : 

StUluiiiu  r,  MfK,  Co.,  ,T  W,  A  M.  (R,  l.>,  5^10. 

Richmond  Mfg.  Co.  r.  Atlantic  De  Laine  Co.,  10  R.  I.,  106. 
South  Carolina : 

Threatt  r.  Mining  Co.  (S.  C,  1897),  2(5  S.  E.  Rep.,  970. 
Vermont : 

Snow  r.  Parsons.  28  Vt.,  459. 

Canfleld  r.  Andrew,  54  Vt.  1. 
Wisconsin : 

Middlestadt  r.  Starch  Co.  (Wis.),  6G  N.  W.  Rep.,  713. 

Ilazeltine  i\  Case,  4C  WMs.,  391. 

Greene  v.  Nunuemacher,  3G  Wis.,  50. 
Wyoming : 

Howeli  i\  Johnson,  89  Fed.  Rep.,  556.« 
Engiisli : 

Mason  v.  Hill,  5  B.  &  Ad.,  1. 

Embry  v,  Owen,  0  Exch.,  353. 

Wood  t\  Waud,  3  Exch.,  748. 

Bealey  v.  Shaw,  G  East,  208. 

CASE   IN    EXCEPTION. 

A  single  case  in  Pennsylvania  seems  to  create  an  exception  to  the 
operation  of  the  principles  above  stated,  viz,  Sanderson  v.  Pennsyl- 
vania Coal  Company,  113  Pa.  St.,  126. 

<*  In  tills  case  tlie  injury  arose  from  an  act  done  in  Montana,  but  the  injurtous  result 
occurred  In  the  State  of  Wyoming. 
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This  was  a  case  brought  by  a  riparian  owner  who  had  established  a 
home  on  the  banks  of  a  stream,  after  ascertaining,  by  a  careful  inves- 
tigation, that  its  waters  were  uncontaminated  by  any  influx  of  dele- 
terious matter,  and  who  used  the  waters  of  the  stream  for  domestic 
purposes.  Subsequently  a  coal  mine  was  opened  higher  up  the 
stream,  and  the  mining  company,  in  the  course  of  its  mining  opera- 
tions, pumped  the  water  from  the  mine  to  the  surface,  where  it  ran 
into  this  stream  and  rendered  the  water  unfit  for  domestic  use.  The 
case  was  bitterly  contested,  and  came  before  the  court  several  times. 
(See  8(>  Pa.  St.,  401 ;  94  Pa.  St.,  303,  and  102  Pa.  St.,  370.) 

In  the  final  decision  the  court  refused  damages  to  the  riparian 
owner.  The  reasoning  of  the  court  indicates  that  this  result  w  as  due 
to  its  unwillingness  to  impose  upon  the  immense  coal-mining  interests 
of  the  State  the  burden  of  paying  for  the  damage  to  property  in  the 
water  of  streams  caused  by  their  operations;  but  the  reason  given  for 
the  decision,  in  the  court's  attempt  to  harmonize  it  w^ith  the  principles 
firmly  established  by  precedent  in  Pennsylvania,  was  that  the  water 
which  the  defendant  conducted  into  the  stream  was  contaminated 
only  by  the  coal,  which  was  a  natural  product,  and  hence  was  said  to 
be  conducted  into  the  stream  in  its  "  natural  state."  This  reasoning 
is  specious,  since  the  presence  of  coal  in  the  brook  was  due  wholly  to 
the  ojxjrations  of  the  defendant  company,  the  stream  in  its  natural 
state  showing  no  trace  of  coal,  and  the  doctrine  thus  established  for 
Pennsylvania  has  not  found  favor  in  any  other  jurisdiction. 

But  in  subsequent  decisions  the  courts  of  Pennsylvania  have  been 
careful  not  to  extend  the  force  of  Sanderson  v,  Pennsylvania  Coal 
Company  beyond  the  single  act  of  turning  the  natural  drainage  from  a 
mine  into  a  stream.  (See  Elder  v.  Lykens  Valley  Coal  Co.,  157  Pa. 
St.,  490;  Hindson  v.  Markle,  171  Pa.  St.,  138,  and  Stevenson  v.  Eber- 
vale  Coal  Co.,  201  Pa.  St.,  112.) 

OPINION   OF   VICE-CHANCELLOR   PITNEY,   OF  NEW   JERSEY. 

The  whole  subject  w^as  thoroughly  treated  in  Beach  v.  Sterling  Iron 
and  Zinc  Company  (9  Dick.  (N.  J.),  65). 

This  was  an  action  for  an  injunction,  brought  by  the  manufacturers 
of  a  white  tissue  paper  against  a  mining  company,  the  water  from 
whose  mines  was  pumped  into  the  stream  above  the  paper  works  and 
l)efouled  the  water,  making  it  unfit  for  the  purposes  of  the  complain- 
ant. The  opinion  gives  a  careful  and  most  lucid  and  interesting 
review^  of  the  course  of  decisions  sustaining  and  enforcing  the  rights 
of  riparian  owners  upon  streams  above  tide  water  to  have  the  water 
in  the  stream  maintained  in  its  natural  condition.  The  decision  of 
the  court  in  this  case  was  affirmed  by  the  court  of  errors  and  appeals 
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(10  IMck.,  824)  up<m  tike  opinion  of  the  eoi»rt  bdow^,  wliidi  is  girai 
here  in  full : 

The  material  facts  of  the  case  are  undiiirated.  The  coiy  diSi(piite  to  as  to  the 
d^ree  of  discoloration  caused  by  the  defendant's  operaUeas  snd  the  leog^  «( 
time  over  which  such  di8colorati<m  extended. 

The  facts  clearly  established  are  as  follows: 

The  Wallkill  Biver  rises  in  the  southern  part  of  Sussex  Omsity  and  flows  i 
a  course  nearly  north,  passing  throui^  the  villages  of  FrankUn  and 
At  the  latter  place  is  situated  an  artlflcial  pond,  called  th^  Fomace  Pond*  4 
by  an  old  dam,  upon  which,  for  sereral  years,  has  been  a  paper  miU  drlTen  tagrthe 
waters  of  the  river  from  that  pond.  The  complainant,  Beach,  purdbaaed  this 
water  power  and  lands  connected  with  it  in  the  summer  of  1801,  for  the  poiposfe 
of  erecting  a  plant  for  the  manufacture  of  what  is  known  as  white  tlaaue  paper. 
Associated  with  hiiu  were  two  g^itlemen  by  the  name  of  %mri»,  who  had  prevf- 
o^isly  been  engaged  in  the  business  of  waxing  white  tissue  paper  aeoocdtng  to  a 
process  which  they  ccmtroUed,  and  the  project  was  to  both  mahufactore  and  wax. 
for  market,  white  tissue  pap^.  For  that  purpose  the  cc^rporatlon  waia  formed, 
of  which  Mr.  Beach  and  the  Messrs.  ^[>arks  were  stockholders,  and  the  lattiv 
were  the  active  managers.  A  large  amount  of  money  was  ap^nt  In  erecting  a 
plant  between  the  date  of  the  purchase  and  the  1st  of  Fdnruary,  1882;  when  they 
C!Oir.m^iced  the  manufacture  of  white  ttesue  paper  and  carried  It  on  witiiaDeoeai 
for  about  a  year. 

The  manufacture  of  such  paper  requires  a  perfectly  dear,  pore  water,  and 
before  purchasing  the  Hamburg  water  power  the  complainants  Inspected  the 
stream  and  inquired  as  to  its  charact^  for  clearness,  and  satined  tiiemsdvei 
that  they  would  be  able  to  use  it  fbr  making  white  tissue  paper  wlttKHit  InciV' 
ring  the  expense  of  filtration,  and  their  experience  for  a  year  proved  that  their 
exiiectatious  were  just. 

In  the  month  of  February,  1893,  eomplnints  began  to  come  in  from  the  pur- 
chasers of  their  paper  that  it  was  deteriorating  in  the  matter  of  whitenees,  aad 
they  investigated  the  cause.  The  pond  was  frozen  over,  but  they  knew  by  repu- 
tation that  miuinp  operations  were  being  carried  on  at  Greenspot  by  the  defend- 
ant, and  they  went  there  March  1  and  found  a  stream  of  highly  colored  water 
flowing  from  the  defendant's  mine  shaft  into  the  river,  traced  its  effect  In  dis- 
coloration to  their  ix>nd,  and  by  subsequent  observations  by  themselves  and 
others  in  the  neighborhood  traced  its  effect  not  only  in  and  through  the  Furnace 
Pond,  but  for  miles  down  the  river  to  the  north  of  Hamburg.  In  fact,  several 
respectable  and  credible  wltnes.ses,  called  by  the  complainants,  testified  to  the 
discoloration  of  the  water  in  the  Furnace  Pond  and  beyond,  and  the  complain- 
ants were  stopped  liy  the  court  from  producing  further  evidence  on  that  subject 
in  the  oi)ening  of  their  case.  Several  witnesses  called  by  the  defendant,  among 
them  its  8ui)eriuteudent,  corroborated  this  evidence,  and  there  is  no  attempt  to 
meet  it. 

The  color  was  a  peculiar  reddish-yellow  tint,  which  was  in  marked  contrast 
with  the  discoloration  due  to  the  ordinary  road  and  field  wash  after  a  heavy 
storm  or  si)riug  thaw. 

This  peculiar  discoloration  continued  throughout  the  mouth  of  March  and, 
with  some  intermissions  and  variatiims  in  degree^of  discoloration,  through  the 
month  of  April.  Complainants  early  in  March  were  obliged  to  stop  the  making 
of  white  tissue  paper.  Negotiations  between  the  parties  for  some  arrangement 
of  the  matter  failing,  the  bill  was  filed  on  the  21st  of  April,  1893. 

The  immediate  origin  of  the  discoloration  was  as  follows :  The  defendant  cor- 
poration was  organized  by  two  gentlemen  by  the  name  of  Heckscher  and  two  by 


COODELL.1  BESTRICTIONS   OF   COMMON   LAW.  13 

the  name  of  WetherlU  for  the  puri)08e  of  reaching  and  working  a  lied  of  frank- 
linite  ore  which  had  been  located  by  boring  exploration  at  a  depth  of  about  a 
thouHjind  feet  below  the  surface  near  this  i>oint  called  Greensi)ot.  It  was  the 
continuation  of  a  seam  of  ore  for  many  years  worked  to  the  southwest  of  Green- 
spot  by  two  companies,  one  of  which — viz,  the  I^high  Zinc  and  Iron  Company — 
was  owned  and  controlled  by  the  Heckschers  and  Wetherills.  In  the  spring  or 
early  summer  of  18J)1  the  defendant  commenced  to  sink  a  perpendicular  shaft, 
known  as  the  **  Parker  shaft,"  10  by  2<)  feet  in  diameter,  and  after  passing 
through  a  small  amount  of  superincumbent  earth  struck  solid  limestone  rock. 
It  continued  the  working  without  cessation  until  August  11,  181)2,  when,  having 
attained  a  depth  of  500  feet  (many  feet  lower  than  the  l)ed  of  the  Wallkill),  the 
workmen  struck  a  water-bearing  fissure  or  rent  in  the  rock,  which  instantly 
flooded  the  mine  and  drove  them  out.  Previous  to  that  time  they  had  enccmn- 
tered  small  seams  or  fissures  from  time  to  time,  producing  a  little  water  and 
sometimes  a  little  mud,  which  they  pumi)ed  up,  of  course,  carriinl  through  a 
trough  or  trunk  several  hundred  feet  westerly  toward  the  Wallkill  till  it  reached 
a  small  spring  run,  where  it  was  discharged,  and  from  thence  it  ran  into  the 
Wallkill.  The  amount  of  water  up  to  August  was  small,  and  its  discoloration 
was  slight,  so  that  it  was  not  felt  or  observed  by  complainants.  The  intlux  in 
August,  1802,  was  discolore<l  by  a  fine  clay,  amounting  almost  to  a  pigment,  hav- 
ing a  high  reddish-yellow  tint  and  intermixed  with  a  small  quantity  of  very  line 
sand.  This  water  rose  to  within  40  feet  of  the  surface,  and  resist e<l  all  attempts 
to  lower  it  by  the  pumps  then  in  use  and  until  very  large  and  heavy  pumps  were 
introduce*!.  This  was  done  in  September.  After  tlie  sliaft  filled  with  water 
there  was  no  further  movement;  it  became  ix^rftvtly  quiet,  and  the  clay  and 
sand  began  to  settle,  so  that  the  water  in  the  upper  reach  of  the  shaft  i)ec}ime 
comparatively  clear.  The  first  water  that  was  discharged  after  heavy  pumping 
commenced  came  from  near  the  top  and  was  but  slightly  discolore<l,  such  dis- 
t^loration  being  due  to  the  disturbance  of  the  clay  and  sand  which  had  settled 
on  the  timbering  of  the  shaft.  The  quantitj'  of  water  struck  in  the  fissure  was 
so  great  tliat  with  these  powerful  pumps  very  slow  advance  was  made,  the 
pumps  being  lowered  from  time  to  time,  and  the  greater  the  depth  attained  the 
less  rapid  the  advance  and  the  greater  the  discoloration. 

On  about  tlje  1st  of  January,  18J)3,  the  water  was  reductMl  to  a  depth  of  420 
f«»et  from  the  surface,  and  a  delay  there  occurred  of  about  three  wci'ks,  caused 
by  the  necessity  of  establishing  a  pumi)ing  station  at  that  i)oint.  When  the 
rapid  pumping  commenced  again,  at  or  near  the  1st  of  February,  tlie  discharge 
was  much  discolored,  and  continued  growing  worse  and  worse  until  tlio  lH)ttom 
was  reached,  and  there,  without  detailing  the  circumstances,  the  greatest  dis- 
coloration was  reached,  and  continued  <!uring  the  month  of  March.  The  discol- 
oring clay  is  so  ver>'  fine  in  its  texture  that  a  very  slight  movement  of  particles 
of  water  with  which  it  comes  in  c^»ntact  will  thoroughly  mix  it,  and  it  will  only 
8ul>side  in  perfectly  still  water.  This  accounts  for  the  fact  that  it  did  not  fully 
subside  in  passing  through  comi)lainants'  i)ond.  which  is  (luite  narrow,  so  that  it 
is  probable  that  the  volume  of  the  water  of  the  Wallkill  causes  continued  motion 
throughout  its  length. 

After  the  shaft  had  been  entirely  punqKHl  out  and  the  volume  of  water  stored 
in  the  fissure  had  l)een  entirely  exhausted  and  the  fiow  reduco<l  to  tlio  natural 
supply  of  the  fissure,  and  the  various  water  channels  which  had  l)cen  created 
throughout  it  by  the  sudden  drawing  off  of  the  water  had  arrive<l  at  wliat  the 
experts  call  an  "  angle  of  rei)ose,''  so  that  no  further  scouring  resulted  from  the 
flow  of  the  ordinary  quantity  of  water,  there  was  no  <liscoloration  and  the  water 
ran  clear.  This  condition  was,  as  claimed  by  the  defendant,  reached  some  time 
in  the  siuumer  of  1803,  and  the  case  shows  that  from  about  the  middle  of  April  J 
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br  tlie  iRt  nf  May  tin  about  tlip  ninldlc^  of  July  thf*  <lJs(?oloratioi3J^  %Tpre  tein|>or:iri 
lind  iuf■re»'l^5^^gly  tiifrt^upnl.  iuul  u^uiilly  tln^  result  of  clearing  out  tlie  tltffiTHSt 
fipttliitg  luiHlrm,  CAlknl  *^  sink^,"  wbk'li  hnd  Ik^d  e^tHl>]{filie<l  in  tbe  Vfiok  iit  ilitTt^r 
)Fnt  r»*>l"t,s  tn  tiie  ftUuft.  SUu'e  ttirtt  time  the  Bbnft  h^is  beeu  sunk  ov^r  200  f» 
friflumt  liudln*:  any  uiore  wati*r  or  fiwsur*^ 

Th(*  priH)t  Ih  t*lt*jir  thrtt  the  ri*«ult  of  tli**  eoutrUmtiou  of  thl«  ilis^^^lorerl  vrutt^ 
to  tlK^  wjiterw  of  tht'  r1vt*r  wum  to  n*uili?r  Xhn^  iiiUturc  wlieii  It  nsirlitH!  coitiiilulij 
mntH   1111  ][  iiutlt>  without  tiltnitiou,  for  use*  hi  tiuikh*^'  whltt^  puj>er* 

An  !)i;rc^iikm!4  exiHM'l incut  wu>;  ttuuh^  hy  nu  expert*  n^  fitllows :  IIo  iiHe^rtalH»l 
by  ii  roufili  uieiiwureuient,  thiit  the  How  of  the  Hrer  wii^  atiout  forty  tliuc?*  tUnt  nt 
'the  outiint  from  the  iiihie.  imtl  he  ttM>k  a  Jar  of  i>erfeot:ly  eleur  wftter  nnd  inhd 
with  It  one  fortieth  of  its  uunutity  of  th*'  dirty  water  that  came  from  tlie  miiw*. 
^iid  exhthlte^l  the  stiiti]t1e  to  slaivv  ti>  whnt  a  i^ll^jht  exteLit  it  wa^  diKcoloretl. 

The  *llrty  waler  \vhl(*li  lie  used  had  1m**'U  cH>ufiue<1  in  a  jar  for  screral  inontli*. 
%lth  the  result  that  the  fine  [larlh'lew  of  ehiy  had  jairt hilly  (XiagiihitfMl  nnd  pih 
«red  Into  little  Hakes,  unU  when  shaken  up  did  not  pr<KUiec  the  s^me  deijiref:'  vf 
lUi^t-oUiration  fi8  ex  hi  hi  te*!  when  freHhly  taken  from  tJie  niuniui:  i^tream.  But 
even  that  exuerhoent  showed  thfit  the  result  of  si:)  sli|icht  a  mixiure  niMde  liH' 
wholt?  mma  palpuhly  roily.     In  jioint  of  faet,  as  shown  hy  the  evldeuee  of  tin* 

Ptpert  pniwr  makt^i-s.  n  very  snndl  admixture  of  hiud  or  el  ay  will  nnider  XW 
ater  lmproiH*r,  without  filtration,  for  uuikiii/i  wiilte  tissue  paper;  and  the  effi^t 
Vf  that  evidence  is  tliat  the  river  In  its  ordinary  eletir  stfHe  Is  no  clearer  tliaa  W 
•fiiKt^sjiry  ftir  that  puriiofcM?.  A  very  sunti!  admixture  uf  ef>lortng  or  dirty  matt^^r 
^renders  it  unlit  for  use, 

Several  mat  tern  are  ur^jed  in  defense  to  this  ease.  First,  hut  faintly,  thftt  ih^ 
ilSoetrlm-  Anally  eRtahliwhed  hy  a  hai-e  luiijorlty  of  a  dlvidetl  e^mrt  iu  Pennsyiva 
^lifa,  in  Sandenwm  r.  The  Coal  Company  (m  I'tu  Kt..4(H  i  ?M  IM.  St,,3<>8:  T(ri  Pa, 
St.,  'M\K  ami  113  l*a.  St.,  12<i),  should  l>tf  adopte<l  here.  The  history  of  that  eii.^, 
ilu  iltr!  varlnuH  phiisies»  Is  griven  hy  a  writer  In  the  Amerh^au  Law  Re^i^ter  (it  s,K 
vol.  1.  ]f.  1  O^'Mk  It  was  an  action,  us  hero,  hy  a  riparian  prrtjtrietor  against  » 
juiidng  (innpany  for  iKjiintin;;  a  natural  stn^am  with  wnler  puni]N«d  fnau  tt^ 
mine-  After  tiiri^e^  deeisitms  l»y  the  siu*r»*ine  nnirt  nf  Peniisyhtiula  In  faivur  ttf 
the  plalntifT^s  ri^ht.  that  nmrt  finally  held  the  (^aitniry  and  aihnne^i  the  rijsiit  of 
*he  eoal  etaniaiuy  to  disehar^e  Its  aeid  mine  water  inti>  the  iTe*'U,  wit  la  ait  rejjai^ 
to  Ih*  effe<*t  uiaui  lands  Ik?Iow,  iition  the  hroad  ^n(mnd  that  the  net*e«sities  of  llie 
ruining  Interests  of  the  Commonwealth  reipilr*^!  It.  Tills  n^ult  was  uttrlhutrsd 
by  the  author  uf  the  artiele  lu  the  American  J.aw  ltegis:ter  (pp.  5,  J8).  iu  part,  ti* 
a  laek  of  care  on  the  part  of  the  learned  Judge  who  prepared  the  first  prevailing 
opinion  (8(»  Pa.  St.,  40C).  The  doctrine  of  that  case  Is  sbowai  by  that  writer  to 
be  inharmonious  with  a  long  line  of  previous  decisions  in  Pennsylvania,  and  has 
not  been,  so  far  as  I  can  learn,  followed  in  any  other  State — certainly  not  iu 
this  State.  It  was  repudiated  In  Ohio,  whose  mining  interests  are  quite  large, 
in  the  recent  and  well-considered  case  of  The  Columbus,  etc.,  Co.  r.  Tucker  (48 
Ohio  St,  41).  I  refer  partieularly  to  the  lucid  expressions  of  the  learned  judge 
found  on  pages  58  and  62. 

It  was  not  suggested  on  the  argument  that  the  doctrine  ever  had  the  least 
foothold  in  this  State.  No  case  of  a  stream  fouled  by  mining  operations  has 
indeed  ever,  so  far  as  I  know,  l)een  presented  to  our  courts,  but  the  right  of  a 
riparian  proprietor  to  have  the  waters  of  the  stream  come  to  him  unchanged 
in  quality,  as  well  as  undiminished  in  quantity,  has  been  determined  in  the 
clearest  and  most  iwsitive  manner.  In  fact,  the  doctrine  stated  so  tersely  by 
Chancellor  Kent  in  Gardner  v,  Newburgh  (2  Johns.  Ch.  162,  at  p.  166) — "A  right 
to  a  stream  of  water  is  as  sacred  as  a  right  to  the  soil  over  which  it  flowa    It 
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Is  a  part  of  the  freehold  " — has  always  been  adhered  to  by  our  courts.  I  need 
refer  only  to  Holsman  t\  Boiling  Spring  Co.  (1  MeCart,  335),  and  Acquacka- 
nonk  Water  Co.  i\  Watson  (2  Stew.  Eq.,  366).  In  the  last  case  the  riglit  was 
stated  by  the  learned  master  in  an  extremely  clear  and  comprehensive  manner, 
and  the  decree  advised  by  him  was  unanimously  affirmed  on  apiieal,  for  the 
reasons  by  him  given. 

The  facts  of  that  case  are,  in  a  manner,  analogous  to  those  here  under  con- 
sideration. Watson  owned  and  operated  a  bleachery  which  re<iuired  for  use 
clear  and  pure  water,  which  he  obtained  from  a  small  stream  running  through 
his  land.  The  water  company,  desiring  to  supply  the  city  of  Passaic  with  pota- 
ble water,  proposed  to  take  this  small  stream  above  the  bleachery  and  sulisti- 
tute  for  it  an  equal  or  greater  quantity  of  Passaic  River  water,  drawn  from  the 
Dundee  Canal  and  used  to  drive  its  pumps.  This  the  court  restrained,  on  the 
ground  that  the  substituted  water  was  not  of  equal  purity  with  that  abstracted. 

There  is  a  line  of  cases  of  i)ollution  by  mine  water  in  England  which  sustains 
the  general  doctrine.  Hodgkinson  r.  Ennor  (4  Best  and  S.,  229)  was  the  case,  as 
here,  of  a  paper  maker  against  a  miner  who  had  permitted  dirty  washings  of 
lead  ores  to  run  through  rents,  called  "  swallets/'  in  limestone  rock  into  a  sub- 
terraneous stream,  rendering  the  water,  which  in  its  course  came  to  plaintiff's 
paper  mill,  unfit  for  use  in  the  manufacture  of  paper,  and  the  action  was  sus- 
tained by  Chief  Justice  Cockbum  and  Justices  Blackburn  and  Mel  lor. 

Magor  V,  Chadwick  (11  Ad.  and  E.,  571)  was  a  suit  by  a  brewer  against  a 
miner. 

Pennington  v.  The  Brinsop  Coal  Co.  (L.  R..  5  Ch.  Div.  760)  (1877)  was  a  suit 
by  a  manufacturer  against  a  coal  miner,  where  the  only  allegation  of  injury  was 
that  the  acid  contributed  to  the  water  from  the  mine  rendered  it  less  fit  for  use 
in  the  engine  boilers  driving  the  machinery  of  the  plaintiff's  mill.  An  injunc- 
tion was  allowed.  Defendant  relie<l,  without  success,  upon  the  ground  taken  in 
Sanderson  v.  The  Coal  Co.,  supra,  that  the  acid  could  not  be  removed  from  the 
water;  that  there  was  no  nieans  of  remedying  the  evil,  and  an  injunction  would 
absolutely  stop  its  work.  The  learned  judge  (Fr>')  refused  even  to  exercise  the 
right  given  by  the  English  statute  to  give  damages  instead  of  an  injunction, 
relying  on  Clowes  i\  Staffordshire  Waterworks  (L.  R.,  8  C^h.  App.,  125)  (1873). 
and  he  declared  that  he  would  have  granted  the  injunction,  although  tlie  r>resent 
damage  was  only  nominal,  because  of  the  injury  to  the  riparian  rights  of  the 
plaintiff,  and  such  is  the  doctrine  of  the  case  relie<l  on,  which  was  a  suit  by  a 
silk  dyeing  and  washing  establishment  against  a  waterworks  comi>any  for  ren- 
dering the  water  coming  to  their  works  less  clear  and  pure. 

The  English  cases  dealing  with  i)ollution  l)y  mine  water  culmiiiattMl  in  the 
case  of  Young  r.  Bankier  (L.  R..  App.  Cas..  6S)1)  (1893),  in  the  House  of  Lords, 
on  appeal  from  Scotland.  The  case  was  argued,  elal)orately,  of  course.  l)ef(»re 
six  law  lords,  whose  unanimous  judgments  were  delivered  after  consideration. 
The  riparian  proprietor  (Bankier),  the  plaintiff  tliere,  was  a  distiller,  and  used 
the  water  of  the  stream  in  his  distilling  proct»ss,  presumably  for  making  mash, 
for  which  it  was  peculiarly  fit  by  reason  of  its  softness.  The  addeil  mine  water 
did  not  render  it  unfit  for  ordinarj'  purposes — there  called  primary  imri)oses — 
but  by  reason  of  its  hardness  rendered  it  less  fit  for  distilling  punwses.  San- 
derson V.  The  Coal  Co.  was  cited,  but  tiie  court  repudiated  its  doctrine  and  was 
unanimous  in  judgment  in  favor  of  the  resi)ondent,  who  was  the  plaintiff  and 
had  judgment  below.  Ijonl  Macnaghten,  at  i>age  699,  says :  "  Then  the  ai>pel- 
lant  urged  (precisely  as  does  the  defendant  here)  that  working  coal  was  the 
natural  and  proper  use  of  their  mineral  property.  They  said  they  could  not 
continue  to  work  unless  they  were  permitted  to  discharge  the  water  which 
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aeeumiilateB  In  tlieir  m^  and  they  ndt}H\  timi  tlii>i  wjit^r  coume  Im  the  ntmnl 
and  proper  ctaaimel  to  carry  off  tin^  .  ^.tAn&  \viiu?r  of  tbe  tUtttrtct.  All  rluit  smr 
lie  very  true,  but  in  this  coiinti^\  nt  udf  rate,  it  Is  nut  penjjinijtflik*  in  tiiidi  i 
case  for  a  man  to  use  lila  own  jiropertj-  sq  m  h*  in  Jure  tiir  prr»i»erty  i>f  tita 
neighbor." 

Tliere  are  nmneroiis  Bnglisb  vnm^  upon  tlie  gen*^rnl  right  of  n  riT**irinn  i^nrin 
etor  to  have  the  waters  of  his  F^tmaui  come  to  Uiui  in  ixu  Hit  turn  I  ciindllfuu.  «f 
which  I  cite  Oroesley  v.  Lightowler  (i..  E^  S  Sft.  Oatt,  279;  2  Chan.  Ai>|u«  431) 
(1867) ;  Attomey-Oeneral  t?.  liunatic  Afiylisoi  f Ci.  R^  4  Ch,  AppL,  145)   ( 
Nmneroua  other  cases  will  be  found  cited  in  Gould.  Wnteis,  em^tk^n  2ia  i 
HIgs.  Pol.  Waterc,  182  et  seq. 

The  argnment  was  advanced  hy  the  t3€?fen(lfint  tbat  the  wm'  of  the  rleCeiirbtiitli 
property  for  mining  purposes  If;  whut  wjlsi  tcmieri,  unrortunnteLr,  E  thiak.  li|; 
£i(»d  Cairns,  in  Fletch^.i?.  Ryhmilr^  i  I..  IL.  8  H.  K..  ^^^J.  at  lun  '^^*  -^i())  ( l§i«l, 
a  natural  mer,  and  similar  in  that  n^siitvt  to  piovi-iiig  fi  fieUK  mni  that  it  It  H 
iMilawfol  for  d^^idant  here  tn  ra^t  into  tho  Htre^m  the  nmrMy  \v;iit>rN  trmn  lu 
mine  it  is  also  nnlawfQl  for  the  faniHT  lu  plow  hlH  hmd  fimi  jiiiow  tht-  inuJ»lf 
water  which  mns  from  it  after  a  heavy  mln  to  reach  the  river.  Hut  the  wrf 
statement  of  the  two  cases  show^i  the  atn^Hitt*  of  finniofty  i»etwf^n  tliem.  tn  tlit 
first  placOb  the  water  from  the*  iJlowcrl  tiL4d  conteK  therefm  l^y  untural  eitUflS 
bi^ond  the  farmer's  ccmtn^  and  nin^  hy  privity  tn  the  {stream,  while  In  the  a^m 
d  the  mine  the  w^ter  is,  as  h^re,  fouml  and  rube<t  hy  nrtiflchil  moan^  from  a 
level  ftur  below  that  of  the  rivet  mvi  would  tn^vw  nau-U  it  l>ut  fiir  the  art  of  tb* 
miner,  and  in  the  second  place,  hy  iht*  ooaimon  hiw  of  the  \nm\  overy  nivurr  innf 
enltivate  his  land  without  regartl  tu  Its  eff^^-ts  n|Min  his  neljrl»lH>r,  while  Kueb  l« 
not  the  law  as  to  mining.  The  k  mi  \  rr  n  a<  i^  i  u  n  vt  OUUk  t  ri  Co  hi  n  1 1  am  ( '4irii  (nn  ny  r. 
Taylor  (48  Ohio,  41,  at  p.  68),  rrpuUhitrs  ihp  tin!  h  in  iluit  nilntng  waa  a  uatiird^ 
use  of  the  land  in  the  sense  that  runniiii,'  it. 

The  ground  of  a  reasonable  natural  user  seems  to  be  at  the  lx>ttom  of  what 
was  said  In  Merrifleld  v.  Worcester  (110  Mass.,  216)  upon  this  topic.  So  far  as 
the  expressions  there  used  favor  the  notion  that  a  city  or  town  may  collect  and 
discharge  sewage  matter  into  a  fresh-water  stream  to  the  injury  of  a  riparian 
owner  without  liability  to  action  they  are  contrary  to  the  law  as  held  in  Eng- 
land for  centuries.  See  Higg.  Pol.  Waterc,  127  et  seq.,  where  several  cases 
besides  these  above  cited  are  collected. 

Equally  untenable  is  another  position  advanced  by  the  defendant,  viz.  that 
the  river  was  always  more  or  less  ix)lluted  l>y  contributions  from  other  mines 
and  from  the  washing  of  plowed  fields,  public  roads,  and  railroad  embank- 
ments. Such  insistments  have  l>een  frequently  made  and  always  overruled. 
The  question  in  such  cases  seems  to  be  whether  the  stream  has  already  become 
so  far  i)olluted  by  contributors  who  have  acquired  a  right  so  to  do  by  adverse 
use  or  otherwise  as  that  the  pollution  presently  opposed  will  not  sensibly  alter 
Its  condition.  And  even  In  such  a  case  the  courts  have  held  that  the  party  has 
the  right  to  deal  with  each  contributor  in  detail  and  to  buy  off  such  contributors 
as  have  acquired  a  right,  and  is  not  obliged  to  submit  to  fresh  contributors. 
1  cite  the  following  authorities:  Koss  r.  Butler  (4  C.  E.  Gr..  294.  at  p.  306) ; 
Attorney-General  r.  Steward  (5  C.  E.  Gr.,  415,  at  p.  419),  where  the  learned 
chancellor  says :  *'  The  defendants  have  no  right  to  i)ollute  or  corrupt  the  waters 
of  the  creek,  or  if  they  are  already  partially  polluted  to  render  them  more  so; " 
to  Cleveland  v.  The  Gas  Co.  (5  C.  E.  Gr.,  201,  at  p.  208)  ;  and  to  Meigs  v.  Lister 
(8  C.  E.  Gr.,  199,  at  p.  205),  where  the  learned  chancellor  says:  "The  position 
taken  hy  counsel  that  the  complainants  were  entitled  to  no  relief  from  this 
nuisance  because  the  locality  was  surrounded  by  other  nuisances  and  dedicated 
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to  such  purposes  has  no  foundation  in  law  or  In  fact  If  there  were  severa. 
nuisances  of  tlie  like  nature  surroundin-m  .iienv',  they  must  seek  relief  from  each 
separately.  They  can  not  be  joined  in  one  suit  nor  need  the  suits  proceed  pari 
passu/' 

In  Crossley  r.  LIghtowler  (L.  R..  2  Ch.  App.,  478,  p.  481,  1867)  Lord  Chelms- 
ford says :  "  But  the  defendants  contend  that  the  plaintiffs  have  no  right  to 
complain  of  any  pollution  of  the  Ilebble  occ*asioned  by  them,  because  there  are 
many  other  manufacturers  who  ix)ur  polluting  matter  into  the  stream  above  the 
plaintiffs*  works,  so  that  they  never  could  have  the  water  in  a  fit  state  for  use 
even  if  the  defendants  altogether  ceased  to  foul  it.  The  case  of  St.  Helen's 
Smelting  Co.  r.  Tipping  (11  H.  L.  Ch..  m2;  11  Jur.  N.  S..  785),  is,  however,  an 
answer  to  this  defense.  Where  there  are  many  existing  nuisances,  either  to  the 
air  or  to  water,  it  may  be  very  difficult  to  trace  to  its  source  the  injury  occa- 
sioned by  any  one  of  them ;  but  if  the  defendants  add  to  the  former  foul  state 
of  the  water  and  yet  are  not  to  be  responsible  on  account  of  its  previous  condi- 
tion, this  consequence  would  follow  that  if  the  plaintiffs  were  to  make  terms 
with  the  other  polluters  of  the  stream  so  as  to  have  water  free  from  impurities 
produced  by  their  works,  the  defendants  might  say,  *  We  l)egan  to  foul  the 
stream  at  a  time  when,  as  against  you,  it  was  lawful  for  us  to  do  so.  inasmuch 
as  it  was  unfit  for  your  use,  and  you  can  not  now.  by  getting  rid  of  the  exist- 
ing pollutions  from  other  sources,  prevent  our  continuing  to  do  what,  at  the 
time  when  we  began,  you  had  no  right  to  object  to.' "  (Attorney -(General  v. 
Lunatic  Asylum,  4  Ch.  App.,  145,  p.  150,  report  of  the  exi>ert,  and  p.  155.) 

In  Attorney-General  r.  Leeds  (L.  U.,  5  Ch.  App.,  58^.  p.  595,  1870)  the  lord 
chancellor  says :  "  I  think  the  argument  deduced  from  the  foul  state  of  the 
water  before  it  gets  to  I.<eeds  is  not  deserving  of  any  weight  for  two  reasons : 
First — and  it  is  hardly  disputed — the  evil  did  become  seriously  aggravated 
when  the  new  sewer  was  oi)ened — that  is  to  say,  sixteen  or  seventeen  years 
ago;  and,  secondly,  the  nuisance  might  terminate;  and  no  one  can  say  it  was 
right  that  when  one  nuisance  terminates  there  should  be  another  brought  into 
existence." 

The  sensible  and  material  increase  in  the  discoloration  of  the  water,  in  this 
case  resulting  from  the  contribution  of  the  defendant's  mine,  is  clearly  proved. 
The  complainant  was  able  to  make  white  paper  successfully  and  satisfactorily 
from  February  1,  1892,  for  nearly  a  year,  and  until  the  serious  discharge  of  dis- 
colored water  from  the  defendant's  shaft,  in  January.  1893 ;  and  they  were  also 
able  to  make  such  paper  after  the  disc<ilored  water  ceased  to  run.  in  .Tune  or 
July,  1893.  During  the  intermediate  i>eri<Kl,  while  the  discoloration  of  the  water 
being  discharged  from  the  defendant's  mine  was  the  greatest,  (complainant  could 
not  make  white  paper  satisfactorily. 

In  whatever  point  of  view  the  complainant's  case  is  considered  It  seems 
entirely  clear  and  free  from  doubt.  I  can  not  think  the  least  doubt  is  cast  upon 
the  law  by  the  last  decision  in  the  Sanderson  case,  in  Pennsylvania,  and  the 
facts  of  the  case  are  substantially  undisimted.  The  complainants'  title  and  pos- 
session of  the  ripa.  though  put  in  Issue  by  the  answer.  Is  established  by  the 
proofs  and  was  finally  admitted  at  the  hearing.  Their  right  to  have  the  water 
come  to  them  in  its  natural  ccmditlon  follows  Inevitably.  (Holsman  v.  Boiling 
Spring  Co.,  1  MK'art.,  335,  at  p.  343,  bottom,  and  cases  there  cited.)  The 
learned  chancellor  there  says :  "  Where  the  complainant  seeks  protection  In 
the  enjoyment  of  a  natural  water  course  upon  his  land,  the  right  will  ordi- 
narily be  regarded  as  clear.  And  the  mere  fact  that  the  defendant  denies  the 
right  by  his  answer  or  sets  up  title  in  himself  by  adverse  user  will  not  entitle 
him  to  an  issue  before  the  allowance  of  an  injunction." 

IBB  152—05  M 2  ll 
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There  can  be  no  dmibt  that,  iqion  the  ftKsto  piwented,  it  wonld  to  tto  My 
of  a  Judge  to  direct  a  vexdict,  and  Oie  rale  adopted  ti^  the  oourt  oC  errata  wl 
appeals  in  Higgins  v.  The  Water  Ga  (9  Stew.  Wq.,  688)  applies.  I  relSer  to  thi 
language  of  the  diief  Justice  <m  page  544  et  seq. 

The  Jurisdiction  of  this  court  to  adfH^t,  on  final  hearing,  the  eztreiDe 
of  an  injunctiim  in  this  class  of  cases,  when  the  rii^t  is  dear^  la  w^ 
lished,  not  only  by  the  case  Just  cited,  but  by  Acquackanonte  Water  Ool  a 
Watson,  supra,  which  was  decided  by  the  court  of  ernnn  and  appeals,  and  If 
Holsman  v.  Boiling  Spring  Ck>.,  supra,  decided  by  ChanceUcnr  Green,  and  If 
Shields  V.  Amdt  (3  Or.  Oh.,  234),  and  by  Carlisle  v.  Cooj?^  (6  a  B.  6r^  976). 
I  It  was  suggested  that  in  this  case  no  injunction  should  be  ordered,  but  thst 
the  complainants  should  be  left  to  their  action  4it  law  for  damagea  I  asi 
unable  to  adopt  that  view.  It  must  now  be  considered  as  settled  law  in  tldi 
State  that  the  maintaiance  of  a  nuirance  of  the  kind  here  In  question  is,  is 
effect,  a  taking  of  property.  Pennaylyania  Railroad  Go.  v.  Angi^  (14  Stew.  Bq, 
316^  p.  829),  where  Judge  Dixon,  speaking  for  the  court  of  errors  and  appeal^ 
says:  ^'This  principle  rests  upon  the  express  terms  <^  the  CSonatttution.  la 
declaring  that  private  property  shaU  not  be  tak^n  without  reoompenae^  that 
Instrument  secures  to  owners  not  («ly  the  possession  of  property,  hut  al» 
those  rights  which  raider  possession  valuable.  Whether  you  flood  tiie  farmei^ 
fields  so  that  th^  can  not  be  cultivated,  or  pollute  the  blea<dier'8  stream  so 
that  his  fabrics  are  stained,  or  fill  one's  dwelling  with  smells  and  noiae  ao  tint 
it  can  not  be  occupied  in  comfbrt,  you  equally  take  away  the  owner's  property. 
In  neither  instance  has  the  owner  any  toss  of  material  things  than  he  had 
before,  but  in  each  case  the  utility  of  his  property  has  been  Impaired  by  a 
direct  invasion  of  the  bounds  of  his  private  dominion.  This  is  the  taking  €€ 
his  property  in  a  constitutional  sense.  Of  course,  mere  statutory  authority 
will  not  avail  for  such  an  interference  with  private  prc^perty.  This  doctrine 
has  been  frequently  enforced  in  our  courts,"  and  he  proceeds  to  cite  previous 
authorities  in  the  same  court  If  this  be  so,  then  the  legislature  has  no  power 
to  authorize  the  maintenance  of  a  nuisance  for  the  promotion  of  private  objects, 
even  uiwn  terms  of  mailing  compensation ;  for  no  authority  is  necessary  for 
the  position  that  the  legislature  is  powerless  to  enact  a  law  declaring  that 
defendant  may  have  complainants*  mill  and  water  power  upon  terms  of  paying; 
them  what  a  court  may  ascertain  it  is  worth.  And  I  am  unable  to  distinguish 
such  action  and  that  of  leaving  complainants  to  the  remedy  of  repeated  actions 
at  law  to  recover  damages  as  often  as  they  are  suffered.  In  this  respect  our 
system  of  laws  varies  from  that  of  England,  where  Parliament  is  omnipotent 
and  is  not  confined  to  the  mere  making  of  laws — the  true  function  of  a  legis- 
lature—but may  take  private  property  for  private  purposes,  with  or  without 
making  compensation,  the  only  restraint  upon  its  i)ower  being  its  own  innate 
sense  of  justice.  Hence  the  English  courts  are  authorized.  In  cases  of  certain 
nuisances,  to  give  damages  once  for  all  instead  of  an  injunction. 

The  result  of  my  consideration  of  the  subject  is  that  there  is  no  principle 
which  will  sustain  a  court  of  equity  in  refusing  an  injunction  against  the  main- 
tenance of  an  established  continuing  nuisance  and  leaving  the  injured  party  to 
his  remedy  at  law.  To  do  so  is,  in  effect,  to  permit  a  party  to  take  his  neighbor's 
laud  for  his  own  use  upon  terms  of  making  such  compensation  as  a  jury  shall 
assess.    This  is  inadmissible. 

The  object  and  office  of  a  verdict  and  judgment  at  law  is  to  establish  the  right 
and  give  compensation  fbr  past  injuries.  The  right  being  once  made  clear, 
whether  by  judgment  at  law  or  upon  incontrovertible  rules  of  law  and  well- 
established  facts,  the  remedy  In  equity  by  injunction  to  prevent  future  injury  is 
a  matter  of  right,  and  the  relief  can  not  be  refused. 
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The  ground,  however,  mainly  relied  upon  by  defendant  Is  that  the  proofs  show 
that  the  nuisance  has  entirely  abated  and  that  there  is  no  danger  of  Its  recur- 
rence, and  hence  an  injunction  is  unnecessary  and  improper. 

At  about  the  time  the  injunction  was  issued — July  17,  1893 — defendant  pur- 
chased a  small  tract  of  land  skirting  the  railroad,  between  the  sliaft  and  the 
river,  and  established  on  it  a  settling  basin,  into  which  the  mine  water  was 
turned  and  given  opportunity  for  subsidence  before  reaching  the  river.  The 
result  was  that  it  was  substantially  clear,  and  no  further  injury  has  b(»eii  since 
felt  at  the  paper  mill.  It  is  also  in  proof  that  from  that  time  up  to  July.  1804.  tlie 
water  was  usually  clear  when  it  came  from  the  mine.  At  the  sessions  of  Decem- 
ber 27  and  December  28,  1803,  Professor  Nason,  a  competent  geologist  and  min- 
ing expert,  testified  that,  in  his  opinion,  no  further  clay  and  water-l)earing  seams 
or  rents  would  be  met  in  the  course  of  defendant's  mining  operations,  and  that 
the  rent  which  had  given  so  much  trouble  had,  by  natural  causes,  become  harm- 
less. It  was  not  suggested  that  all  or  any  large  proportion  of  the  discolored  clay 
deposit  had  been  removed,  but  the  theory  was  that  the  descending  water  had 
worn  channels  in  the  clay,  resulting  in  little  rivulets  centering  at  the  section  by 
the  shaft,  and  that  the  scouring  power  of  the  water — that  is,  its  i)ower  to  bring 
down  clay — had  ceased  by  reason  of  the  clay  banks  and  beds  of  the  little  rivulets 
having  arrived  at  an  "  angle  of  repose.'*  The  stability  of  this  state  of  affairs 
depends,  of  course,  upon  the  uniformity  of  the  flow  of  water,  both  as  to  quantity 
and  source  of  inflow,  and  Professor  Nason.  on  cross-examination,  admitted  some 
uncertainty  in  this  respect.  After  his  examination  and  the  close  of  the  evidence 
on  both  sides,  and  before  the  argument,  viz,  about  July  16,  1804,  an  unexpecte^l 
influx  of  muddy  water  occurred,  due  to  an  overflow  from  a  flume  carrying  water 
from  the  neighboring  mine  of  the  Lehigh  Zinc  and  Iron  Company,  which  found 
its  way  into  the  seam  or  rent  at  a  point  where  it  came  to  the  surface,  about 
1,800  feet  from  the  Parker  (defendant's)  shaft.  This  opening  was  a  surface 
fissure  or  swallet  in  the  rock — quite  common  where  limestone  rocks  come  to  the 
surface.  In  this  case,  as  I  understand  Professor  Nason,  he  did  not  suppose  or 
infer,  from  the  trend  of  the  fissure,  that  it  reached  the  surface  In  that  neighbor- 
hood, but  such  was  the  fact.  It  was  promptly  stopped  by  defendant  and  filled 
up,  so  as  to  prevent  any  more  water  getting  in  at  that  point. 

Now,  it  seems  to  me  that  this  occurrence  shows  the  impossibility  of  affirming 
that  there  will  be  no  further  incursions  of  muddy  water.  It  is  true  that  with  the 
continued  use  of  the  settling  ground  no  injury  will  probably  result  to  complain- 
ants from  such  an  Irruption.  I  say  **  probably,"  because,  in  case  of  a  sudden 
Irruption  of  discolored  water,  the  quantity  might  be  so  great  as  to  overwork  the 
present  settling  basin.  But  without  a  decree  and  injunction  the  defendant  will 
be  at  liberty  to  discontinue  its  use  and  permit  any  muddy  water  tliat  may  api)ear 
to  flow  into  the  Furnace  Pond  as  of  old. 

At  the  time  the  complainants  flied  their  bill  the  injury  was  serious  and  contin- 
uous. The  defendant  iwsitively  declined  to  stop  it,  but  claimed  the  right  to  con- 
tinue it  To  complainants'  bill  was  interposed  a  general  denial,  and  setting  up  a 
right  to  persist  in  the  .injury  as  long  as  its  necessities  required.  On  all  these 
is.sues  the  defendant  is  beaten.  The  complainants  have  established  their  case, 
and  it  would  seem  to  be  a  most  lame  and  imj)otent  (conclusion  to  refuse  to  give 
them  the  very  relief  prayed  for,  viz,  a  perpetual  injunction.  I  am  unable  to 
Imagine  any  other  decree  in  their  favor  which  would  adequately  meet  the  case 
and  give  them  the  just  fruits  of  their  suit ;  and,  surely,  if  there  is  no  danger  of 
further  discoloration  the  injunction  will  do  the  defendant  no  harm,  but  will  be 
of  value  as  a  muniment  of  title  to  the  complainants'  property.  The  language 
of  Lord  Justice  Turner,  in  Goldsmid  r.  Tunbrldge  Wells  Commissioners  (L.  R., 
1  Ch.,  App.,  349,  p.  355),  applies:  **  In  this  particular  case  I  think  that  re 
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mast  be  bad  not  merely  to  tbe  comfort  or  eimnaikmcB  <Kf  tiie  oduipici  of  thi 
estate,  wblcb  may  on^  be  intertoed  witib  teoHIK^ttritsr  and  tn  m  pwrtlal  degn^ 
but  tbat  regard  must  also  be  bad  to  the  effect  of  the  nnteanoe  npon  the  Tshieif 
tbe  estate  and  upon  ttie  proi|)ect  of  dealing  wl^  It  to  advantage;  and  I  can  ait 
bat  think  that  the  yaloe  of  this  estilte,  and  the  ioospect  of  adTantaseoMlr 
dealing  with  It,  is  and  will  lie  affected  by  tbe  contlnimnoe  of  this  noteandB^** 

Bat  the  defendant  farther  arges  that  the  complainants  havie  manlf^ested  a  dit- 
position  to  make  an  anreasonably  harsh  and  <9pre8siTe  ase  of  tbeir  rights  in  the 
premises,  and  have  thereby  weak^ied  th^r  standing  In  eguity  and  disentltifli 
thepi  to  the  extreme  decree  adced  for. 

In  tlie  month  of  March,  1808,  wliile  the  oatflow  from  the  mine  was  at  Hi 
worst,  negotiations  to(^  place  between  ttie  parties  for  some  sent  of  settienwBl, 
and  a  filter  was  mentioned.  The  ccmiplalnants  offered  to  be  satisfied  if  defend- 
ant wonld  fomish  tli«n  with  a  filter  of  pnq;>er  siae,  wliidi  th^  said,  and  aboot 
wliich  there  is  no  dispate,  woald  cost  $5,000.  Ttie  defendant  offered  to  pay  ooe- 
lialf  of  the  exp^ise  of  the  filter,  ttie  same  to  be  in  fall  compensation  for  an 
damages  np  to  the  time  it  was  famished,  wlilch  offer  tbe  oomi^alnatttB  refined 
to  accept    I  can  see  nothing  harsh  or  i^tpressive  in  that  refmnd. 

Next,  and  after  bill  filed,  as  I  now  recollect,  def^dant  made  an  arrangenwnt 
with  the  traant  of  a  gristmill,  located  opcm  a  little  stream  wliich  empties  Into 
tbe  Famace  Pond,  for  a  right  to  divert  water  from  the  mill  and  cany  It  by  a 
flame  several  hnndred  feet  down  to  the  complainants'  woria  and  famish  thai 
with  clear  water  from  that  stream.  Ocmiplainants  employed  an  expert  to 
examine  tbe  stream  and  see  whether  it  woald  snpply  saffident  water  for  their 
paper  engines,  with  tbe  resnlt  that  they  were  Informed  and  btiteved  tlmt  It  was 
not  safilcient,  and  declined  to  accept  it  as  a  sobstitote  for  the  river  water.  Tlie 
defendant,  nevertiieless,  in  the  f^ce  of  complainants*  refasal,  bailt  the  flame-a 
mere  wooden  trough,  set  upon  benches  and  trestles — along  the  surface  of  the 
ground  down  to  the  mill  yard  of  the  complainants.  The  complainants  refused  to 
allow  it  to  be  put  across  their  mill  yard,  because  it  would  prevent  them  from 
having  access  to  their  works  and  from  free  passage  with  carts  and  wagons  from 
one  part  to  the  other,  and  said  that  anything  of  that  kind  must  be  put  under- 
ground in  iron  pipes.  But  the  radical  difficulty  with  that  movement  on  the  part 
of  the  defendant  was  that  the  right  to  the  use  of  the  water  was  merely  obtained 
temporarily  from  a  mere  tenant  of  the  mill  property,  and  did  not  give  the  com- 
plainants any  permanent  right  to  the  flow  of  the  stream,  even  if  it  had  been 
large  enough  for  their  purposes.  I  can  see  nothing  harsh  or  oppressive  in  com- 
plainants* action  in  refusing  this  offer  of  substitution.  They  not  only  had  the 
strict  right  in  law  to  refuse  to  accept  them,  but  their  conduct  In  so  doing,  in  my 
judgment,  was  not  inequitable. 

I  shall  advise  a  decree  establishing  the  complainants*  right  to  the  flow  of  the 
stream  in  its  natural  condition  and  an  injunction  with  costs. 

MISSOURI  v.   ILLINOIS  ET  AL. 

Where  an  injurious  act  in  one  State  is  so  far-reaching  in  its  injuri- 
ous consequences  as  to  threaten  the  rights  of  property  and  the  health 
of  a  large  number  of  citizens  in  another  State,  the  latter  State  may 
become  a  party  complainant  in  the  Supreme  Court  of  the  United 
States  to  enforce  the  legal  remedies  of  its  citizens  for  such  injuries. 
(Missouri  v.  Illinois  et  al.  (U.  S.  Supreme  Court,  October  term, 
1900),  180  U.S.,  208.) 
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This  was  a  case  in  which  the  State  of  Missouri  sued  to  restrain  the 
State  of  Illinois  and  the  Sanitary  District  of  Chicago  from  carrying 
the  sewage  of  Chicago  through  an  artificial  channel  to  the  Mississippi 
River.  The  right  of  the  State  of  Missouri  to  protect  its  citizens  by 
this  action  and  to  implead  the  State  of  Illinois  as  a  party  defendant 
and  to  have  an  injunction  against  the  defendants  in  case  the  facts 
alleged  in  its  bill  should  be  established  was  upheld  by  a  divided  court 
in  overruling  a  demurrer  to  the  bill.  The  defendants  have  answered, 
but  at  the  time  of  the  present  writing  the  final  hearing  has  not  been 
reached. 

BIGHTS  OF  BIPABIAN  OWNERS  IN   ABID  AND   MININU   STATES. 

In  certain  of  the  arid  and  mining  States  of  the  West  the  doctrine 
of  riparian  rights  has  been  in  whole  or  in  part  abrogated  by  what  is 
known  as  the  doctrine  of  prior  appropriation.  Where  the  latter  doc- 
trine prevails  the  rights  of  riparian  owners  as  given  above  do  not 
exist,  and  where  the  doctrine  of  prior  appropriation  has  been  adopted 
in  part  the  rights  of  appropriators  to  some  extent  supersede  the 
rights  of  riparian  owners. 

"Appropriation  "  is  an  actual  use  of  the  water  for  a  lieneficial 
purpose  by  a  person  having  the  right  to  make  such  use,  i.  e.,  by  any 
person  having  lawful  access  to  the  water.  The  appropriator,  by  the 
fact  of  appropriation,  acquires  the  right,  as  against  riparian  owners, 
to  use  the  water  in  the  state  and  conditicm  and  to  the  extent  necessary 
for  the  purpose  for  which  he  has  appropriated  it.  Subsequent  appro- 
priators also  acquire  rights,  but  such  are  subordinate  to  the  rights  of 
the  prior  appropriator. 

The  doctrine  of  prior  appropriation  has  l)een  adopted  to  the  extent 
indicated  in  the  States  mentioned  below : 

Arizona : 

Clough  V.  Wing,  17  I'ac.  Kep.,  453. 
Colorado : 

"  The  right  to  divert  unappropriated  waters  of  any  natural  stream  shall 
never  be  denied."    Const..  Art.  XVI.  sec.  G. 

Wheeler  i\  Northern  Colorado  I.  Co..  10  Col.,  582. 

3  Am.  St.  Rei).,  003 ;  17  Tac.  Rep.,  487. 
Idaho : 

Constitution  of  1880.  Art.  XV,  sec-.  .3. 

Wilteniing  v.  Green,  45  Pae.  Rep..  1.34:  4  Idalio,  773. 

Montana : 

Constitution,  Art.  III.  see.  15. 

Smith  r.  Denniff,  24  Mont,  20. 

81  Am.  St.  Rep.,  408;  <M)  Pac.  Rep.,  .398;  .50  L.  R.  A.,  741. 

Nevada  : 

Reno  Smelting,  etc.,  Worlcs  v.  Stevenson,  20  Nev.,  2(>.9. 
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New  Meidoo: 

Compiled  Laws  of  New  Mexico,  sec.  23. 

Albuquerque  Land  and  Irr.  Co.  v.  Qutieires,  61  Pac  B^;i.,  387. 
North  Dakota: 

Springville  i;.  Fullmer,  7  Utab,  460. 

Stowell  V.  Johnson,  7  Utah,  215. 
Wymning: 

Farm  Investment  Co.  v.  Carp^it^,  9  Wyo.,  110;  50  L.  B.  A.,  741;  61  Pkc 
^     Rep.,  288. 

In  California  the  common  law  as  to  riparian  rights  seems  to  pie- 
Tail,  except  as  to  rights  acquired  by  appropriation  ^pon  public  lancb 
made  before  any  riparian  owner  l>as  aognirad  iilile  to  Jands  below. 
(Lux  V.  Haggin,  69  CaL,  254.) 

In  Oregon  the  right  of  a^Kiqirisfciea  is  cwnfined  to  aatdiii^^  as 
were  acquired  before  Washingtcwi  became  a  State,  imder  an  act  of 
Congress  passed  in  1866.  (Simmims  v.  Winters,  21  Qr^.,  35;  88 
Am.  St  Rep.,  727;  27  Pac  Rep.,  7.) 

In  Washington  the  ri^t  of  appropriation  seems  to  be  recognised, 
at  least  as  to  the  portion  east  of  the  Cascade  Mountains  in  that  State, 
but  not  as  against  settlers  who  have  obtained  riparian  rights  b&tae 
the  appropriation. 

Isaacs  V.  Barber,  30  L.  R.  A.,  065. 

10  Wash.,  124 ;  45  Am.  St  R^,  772. 

88  Pac.  Rep..  871. 

Benton  r.  Johncox,  39  L.  R.  A.,  107;  17  Wash.,  277. 

61  Am.  St.  Rep.,  912 ;  49  Pac,  495. 

In  several  of  the  arid  or  partly  arid  States  not  included  in  the 
above  list  the  riparian  owner  holds  subject  to  the  right  of  those  own- 
ing above  him  to  a  reasonable  use  of  the  water  for  irrigation 
purposes. 

Rhodes  i\  Whitehead,  27  Tex.,  .309 ;  84  Am.  Dec.,  631. 

Tolle  V.  Carreth,  31  Tex.,  362 ;  98  Am.  Dec.,  540. 

Fleming  v.  Davis,  37  Tex.,  173. 

Baker  v.  Brown,  55  Tex.,  377. 

Mud  Creek  Irr..  etc.,  Co.  v.  Vivian,  74  Tex.,  170;  11  S.  W.  Rep.,  107a 

Barrett  v,  Metcalf,  12  Tex.  Civ.  App.,  247 ;  33  S.  W.  Rep.^  758. 

So  far  as  the  doctrine  of  prior  appropriation  is  recognized,  the 
rights  of  riparian  owners  are  pro  tanto  extinguished.  In  such  States, 
therefore,  the  general  statements  already  given  require  modification. 

In  States  where  the  doctrine  of  prior  appropriation  is  established 
it  may  be  safely  asserted : 

1.  That  the  riparian  owners  can  not  complain  of  pollution  so  far 
as  such  pollution  necessarily  results  from  the  use  for  which  the 
appropriator  has  appropriated  the  water. 

2.  That  no  person,  except  a  prior  appropriator,  may  pollute  the 
stream  so  as  to  render  the  water  less  fit  for  use  by  one  who  has  law- 
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fully  appropriated  it,  and  such  prior  appropriator  can  not  so  pollute 
the  water  by  a  subsequent  appropriation  to  a  new  use. 
Fairplay  Hydraulic  Mining  Co.  v,  Weston,  29  Colo.,  125. 

3.  No  appropriator  or  other  person  may  pollute  waters  to  the 
extent  of  creating  a  public  nuisance. 

Woodruff  V.  North  Bloomfield  Gravel  Mining  Co.,  8  I^wy.,  028;   16  Fed. 

Rep.,  25 ;  9  Lawy.,  441 ;  18  Fed.  Rep.,  753. 
People  V.  Gold  Run  Ditch,  etc.,  Co.,  66  Cal.,  138 ;  56  Am.  Rep.,  80 ;  4  Pac. 

Rep.,  1152. 
Carson  t\  Hayes,  39  Oreg.,  97 ;  65  Pac.  Rep.,  814. 
Suffolk  Gold  Min.  and  Milling  Co.  i\  San  Miguel  Consd.  Mining  and  Milling 

Co.,  9  Colo.  App.,  407 ;  48  Pac.  Rep.,  828. 
Nixon  V.  Bear  River  and  A.  Water  Co.,  24  Cal.,  367 ;  85  Am.  Dec.,  69. 
Levaroni  v.  Miller,  34  Cal.,  231 ;  91  Am.  Dec.,  692. 

Yuba  Lake,  etc.,  Co.  v.  Yuba  Co.,  Super.  Ct.  66  Cal.,  311 ;  5  Pac.  Rep.,  490. 
McLaughlin  v.  Del  Re,  71  Cal.,  230 ;  16  Pac.  Rep.,  881. 

B.  RIGHTS  OF  THE  PUBLIC  (aS  DISTINGUISHED  FROM  INDIVIDUAL 
owners)  TO  HAVE  INLAND  WATERS  KEPT  FREE  FROM  POLLUTION  BY 
RIPARIAN  OWNERS  OR  OTHERS. 

Whenever  the  pollution  of  a  stream  or  other  body  of  water  injuri- 
ously affects  the  health  or  materially  interferes  with  the  peace  and 
comfort  of  a  large  and  indefinite  number  of  people  in  the  neighbor- 
hood, such  pollution  becomes  what  is  known  as  a  public  nuisance. 
But,  except  under  such  circumstances,  the  public,  as  such,  has  no 
standing  to  prevent  the  pollution  of  waters.  When,  however,  there 
is  a  public  or  quasi-public  ownership  of  the  banks  of  a  stream,  as  in 
the  case  of  a  source  of  water  supply  owned  by  a  municipality  or 
owned  by  a  company  which  supplies  the  inhabitants  of  a  munici- 
pality with  water,  the  public  is  interested  in  the  enforcement  of  the 
rights  of  riparian  proprietors,  as  stated  under  heading  ''A." 

Where  there  is  a  public  nuisance  caused  by  the  pollution  of  water, 
it  is  the  duty  of  public  authorities  to  cause  its  abatement,  and  their 
right  to  do  so  has  been  sustained  in  numerc^us  cases.  Where  the 
public  is  injured  in  its  capacity  of  riparian  owner  the  remedy  is 
either  by  injunction  or  by  criminal  proceedings,  according  to  the 
nature  of  the  wrong  and  the  laws  and  practice  of  the  jurisdiction  in 
which  the  offense  occurs. 

The  following  are  cases  in  which  the  pollution  of  water  has  been 
held  to  be  a  public  nuisance: 

Board  of  Health  r.  Casey,  8  N.  Y.  S.,  309. 

People  17.  Elk  River  Mill  and  Lumber  Company,  107  Cal.,  214. 

State  t\  Taylor,  29  Ind..  517. 

Greene  r.  Nunnemacher,  3G  Wis.,  50. 


C.  OONDinONS  UNDER  WHICH,  Ain>  SXTBNT  TO  WHIGR,  FUHEilC  HUHICI-  - 
PALinnB  HAT  U8E  INLAND  WATBB8   IN  DIfflPOfiINO  OF   SBWACB  fWX 
FUBUC  8EWEH8* 

This  subject  has  but  recently  been  receiying  attention  frcmi  tbe 
courts.  It  seems  to  have  been  the  custom  of  municipalities  to  dk- 
diarge  their  sewers  freely  into  tiie  larger  rtreams,  and  until  within 
the  last  few  years  but  little,  if  any,  objecticm  to  the  practice  his 
found  its  way  into  the  courts.  Latterly  the  increase  of  pqpnlatioii, 
with  the  consequent  increase  of  the  amount  of  sewage  matter  so  dis- 
charged, has  brought  about  a  condition  of  affairs  that  has  produced 
dpposition  and  m  many  cases  litigation.  Hie  principles  ttteblished 
by  the  decisions  thus  made  necessary  are  bri^y  sammarixed  as 
follows: 

Municipalities,  if  riparian  owners^  have  the  same  rights  and  are 
subject  to  the  same  restrictions  in  the  use  and  treatment  of  the  wato 
flowing  over  their  lands  as  private  owners  are — i.  e.,  th^  may  dqwsit 
sewage  and  oUier  filth  in  such  waters,  provided  always  that  t^  so 
doing  they  cause  no  injury  to  property  below  them.  Tbej  may 
drain  the  surface  water  from  their  streets  into  water  courses,  wiUi 
the  impurities  which  it  naturally  carries,  provided  they  do  not 
thereby  increase  the  flow  of  water  into  the  stream  so  as  to  exceed 
the  capacity  of  the  channel  to  the  injury  of  property  below. 

Brainerd  v,  Newton,  154  Mass.,  255 ;  27  N.  E.,  d95. 
CJone  V.  Hartford,  28  Conn.,  363. 

Where  municipalities  are  expressly  authorized  by  statute  to  con- 
struct a  system  of  sewerage,  and  to  cause  the  sewage  matter  to  be 
discharged  into  any  particular  waters,  the  statutory  authority  is  to 
be  exercised  subject  to  the  implied  condition  that  such  discharge  will 
not  constitute  a  nuisance.  Legislative  authority  can  go  no  further 
than  to  authorize  municipalities  to  acquire  the  rights  of  lower  owners 
by  purchase  or  condemnation,  because  of  the  constitutional  restric- 
tion against  taking  private  property  for  public  use  without  just 
compensation. 

It  will  thus  be  seen  that  the  increase  of  population  under  the  pres- 
ent conditions  and  with  the  now  prevalent  methods  of  sewage  disposal 
in  cities  is  rapidly  leading  to  a  condition  of  affairs  which  will  call 
for  radical  changes.  Many  cities  will  find  themselves  unable  to  dis- 
pose of  their  sewage  matter  by  means  of  rivers  without  enormous 
expense,  and  probably  not  without  additional  legislation.  As  will 
be  seen  hereafter,  the  subject  is  already  receiving  serious  attention 
from  legislators. 
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CITATION   OF  CASES. 

The  following  cases  will  be  found  to  sustain  the  general  principles 
above  stated : 

English: 

Goldsmid  v.  Tunbrldge  WeHs  Imp.  Com.,  L.  R.,  1  Chan.  App..  349. 

Holt  V.  Rocrhdale,  L.  U.,  10  Eq.  Cases,  354. 

Attorney-General  v.  I^eeds,  L.  R.,  5  Chan.  App.,  583. 

Attorney-General  r.  Richmond,  L.  R.,  2  Eq.  Cases,  306. 

Attorney-General  r.  Hackney  liOcal  Board,  L.  R.,  20  Eq.  Cases,  026. 

Attorney-General  v.  Cockermouth  I>ocal  Ikiard,  L.  R.,  18  Eki.  Cases,  172. 

Attorney-General  r.  Luton  Ix)«il  Board,  2  Jurist,  180. 

Attorney-General  r.  Halifax,  39  L.  J.  (N.  S.),  129. 

North  Staffordshire  R.  R.  Co.  r.  Tunstall  Lo<-al  Board,  39  U  J.,  Chan.,  131. 

Attorney-General  r.  Kingston  on  Thames,  34  L.  J.,  481. 

Attorney-General  ?*.  Basingstoke,  45  L.  J.  ( N.  S. ) ,  726. 

Attorney-General  r.  CV>lney  Hatch  Lunatic  Asylum,  Ij.  R.,  4th  (^h.  Div.,  14(5. 

Attorney-General  r.  Birmingham.  4  Kay  &  Johns.,  528. 

Attorney-General  r.  Metroi)olitan  Board  of  Works,  1  II.  &  M.,  298. 

Bidder  v,  Croyden  Local  Board,  6  L.  T..  778. 

Manchester,  etc..  Railway  Co.  r.  Worksop  Board  of  Health,  23  Beav.,  108. 

Oldaker  v.  Hunt,  6  De  Gex,  McN.  &  G.,  376. 
Alabama : 

Birmingham  r.  Land,  374  So.  Rep.,  <»13. 
California : 

People  V.  City  of  San  Luis  Obispo,  116  Cal.,  617. 

Peterson  r.  City  of  Santa  Rosa.  51  I*ac.  (Cal.),  557. 
Connecticut : 

Morgan  v.  Danhury,  (»7  Conn.,  484. 

Nolan  r.  New  Britain,  («)  Conn.,  668. 
(See  extracts  from  opinions  in  the  Conn,  cases  given  below.) 
Georgia : 

Columbia  Av.  Savings  Fund,  etc..  Co.  v.  Prison  Commission  of  Georgia,  92. 

Fed.  Rep.,  801  ((Mr.  Ct.  West  Div.  Ga.,  1899). 
Hlinois: 

Village  of  Dwight  r.  Hayes.  150  111..  273. 

Robb  t\  Village  of  La  (Irange  ( 1895),  1.58  111.,  21. 

Barrett  r.  Cemetery  Assn.,  15!)  111.,  liHT*. 
Indiana: 

Valparaiso  v.  Ilagen,  1.").3  Ind..  :«7;  48  L.  R.  A.,  707;   74  .\m.  St.  Rep.,  .305: 
54  N.  E.,  1062.  a 
Iowa: 

Randolf  r.  Town  of  Bloomfield,  77  la.,  .50. 

lioughran  r.  City  of  Dcs  Moines,  72  la..  :W2 :   S.  C.  lU  X.  W.  Rep..  172. 


•  In  this  case  It  was  liold  tliat  whoro  c*  municipality  acts  In  conformity  to  the  statute, 
skillfully  and  without  neKllgence,  It  may  discharge  Its  sewage  Into  a  stream  and  the 
lower  proprietors  may  not  have  an  injunction,  and  are  entitled  to  no  compensation  for  the 
damages  suffered  by  them. 

This  seems  to  settle  the  law  In  that  State ;  hut  the  reasoning  is  not  convincing,  and  li 
Is  l>elleved  no  other  State  has,  so  far,  adopted  that  rule,  which  might,  perhaps,  be  held 
violative  of  that  clause  of  the  Constitution  of  the  Tnlted  States  which  forbids  the  taking 
of  private  property  for  public  use  without  compensation. 
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Kaiuuui: 

Top^a  Water  Supply  Co,  v.  City  of  Potwin,  43  Kan.,  404 
Massachusetts: 

Brainard  v.  Newton  (Ma8&  Sup.)>  27  N.  O.  R^,  905,  and  154  Ifaas^  256l 

Morse  v.  Worcei^r,  139  Ma8&,  389. 

Boston  Rolling  Mills  v.  Gambrtdge,  117  BCass.,  898. 

HaskeU  v.  New  Bedfbrd,  108  Mass.,  20& 

Woodward  v.  Worcester,  121  Mas&,  245. 

Middlesex  Ck>.  v.  Lowell,  149  Mas&,  609. 

Merrifield  v.  Worcest^,  110  Mass.,  216.* 
Missouri : 

The  Joplin  Consolidated  Mining  Ck>.  v.  City  of  Jc^in,  124  Mo.,  12a 
New  Hampshire : 

Yale  Mills  v.  Nashua,  63  N.  H.,  13a 
New  Jersey : 

Doremus  v.  Pateraon,  65  N.  J.  Bq.,  711. 

State  1?.  Frediolders  of  Bergen,  1  Dick.,  173 

Atty.  Gen.  v.  aty  of  Pateraon,  45  Atl.  (N.  J.,  1900),  996;  eo  N.  J.  Bq.,  SSS. 
New  York: 

Butler  V.  Village  of  Bdgewater,  6  N.  T.  S.,  174 

Chapman  v.  City  of  Rochester,  110  N.  Y.,  273. 
Pennsylyania : 

Good  V.  Altoona  City,  162  Pa.  St,  493. 

EZOBBPTS  VBOM  Ilir<»TARt  D80I8I0N8. 

In  Owens  v.  Lancaster  City  (182  Pa.  St.,  257,  and  198  Pa.  St,  436) 
the  right  of  a  city  to  use  a  stream  passing  through  it  as  an  open  sewer, 
subject  only  to  liability  for  any  injury  done  to  adjoining  property 
through  its  negligence,  seems  to  be  conceded. 

As  to  the  limits  of  this  right,  and  the  consequences  for  which  the 
municipality  would  be  liable  in  the  State  of  Pennsylvania,  see  the 
following  cases : 

The  city  was  held  liable  for  injury  done  to  plaintiff's  wharf  by 
deposits  from  a  sewer,  in  Butcher's  Ice  and  Coal  Company  v.  Phila- 
delphia.    (156Pa.  St.,  54.) 

It  was  held  liable  to  a  lot  owner  for  maintaining  a  sewer  mouth 
upon  his  lot,  in  Harris  v.  City.     (155  Pa.  St,  76.) 

It  was  held  liable  for  destroying  the  value  of  wells,  caused  by  the 
flowing  of  polluted  river  water  into  them  by  underground  passages, 
in  Good  f\  Altoona.     (162  Pa.  St,  493.) 

It  was  held  liable  for  damages  caused  by  accumulations  of  filth, 
ashes,  or  other  material,  that  obstruct  the  flow  of  the  water  and  throw 

"  In  Merrifield  r.  Worcester  damages  were  refused  to  a  riparian  owner  who  sued  In 
tort  for  the  pollution  of  his  stream.  The  decision  turned  upon  the  nonliability  of  munici- 
pal corporations  for  the  conseciuences  of  the  judicial  acts  of  their  governing  bodlra.  It 
holds  that  the  plaintiff  might  recover  for  Injury  caused  by  pollution  due  to  the  Improper 
construction  or  unreasonable  use  of  the  sewers,  or  to  the  negligence  or  other  fault  of  tb*» 
defendant  In  the  care  and  management  of  them.  It  Is  no  authority  for  the  principle 
established  in  Indiana  in  Valparaiso  v.  Hagen. 
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it  out  upon  the  lands  of  adjoining  o'wners,  in  Blizzard  v.  The  Borough 
of  Danville.     (175  Pa.,  479.) 

In  Owens  v.  Lancaster  City  (182  Pa.  St.,  257),  at  page  262,  Mr. 
Justice  Green  remarks,  obiter :  "  We  apprehend  the  same  principle 
would  apply  to  the  injury  inflicted  by  allowing  offensive  and  injuri- 
ous o<lors  and  smells  to  issue  from  the  polluting  substances  dis- 
charged into  the  stream  from  the  city  sewers." 

Nolan  V,  New  Britain  (69  Conn.,  668)  was  an  action  for  damages 
caused  by  the  defendant's  discharge  of  its  public  sewers  into  a  stream 
called  Pipers  Brook,  which  ran  through  plaintiff's  land. 

The  city  had,  in  1872,  under  alleged  legislative  authority,  con- 
demned and  taken,  and  condemned  the  right  to  take,  occupy,  and 
appropriate  Pipers  Brook  for  sewer  purposes,  but  plaintiff  did  not 
appear  in  the  proceedings,  nor  was  any  award  made  to  him. 

Significant  excerpts  from  the  supreme  court's  opinion,  by  Andrews, 
C.  J.,  are  here  given: 

The  use  of  Pipers  Brook  which  the  complainant  charges  that  the  defendant 
has  made,  unless  there  is  a  lawful  warrant  therefor,  causes  a  puhlic  nui- 
sance. ♦  ♦  ♦  That  it  would  be  a  public  nuisance  to  render  the  water  of  a 
stream  so  impure  that  it  could  not  be  used  for  domestic  purposes  or  for  water- 
ing cattle,  and  so  that  it  gave  off  noxious  and  unhealthy  odors  is  hardly  oi)en 
to  question  (Chapman  v.  Rochester,  110  N.  Y.,  273),  for  the  reason  that  these 
causes  would  injuriously  affect  every  riparian  owner  along  the  whole  length 
of  the  stream  and  every  person  who  lived  near  it  If  a  municipal  corporation, 
In  the  absence  of  a  legal  right  to  do  so,  causes  sewage  to  pollute  a  water  course, 
to  the  use  of  which  a  lower  owner  through  whose  premises  the  water  course 
flows  is  entitled,  it  Is  guilty  of  a  nuisance  for  which  damages  may  be  recovered. 
[Many  authorities  cited.] 

On  page  681,  after  an  examination  of  the  alleged  statutory  author- 
ity, the  opinion  continues: 

If  it  had  been  the  intent  of  the  legislature  by  the  act  of  1872  to  authorize  the 
common  council  of  the  city  of  New  Britain  to  take  or  to  affect  any  lands  outside 
of  the  city  limits,  it  is  certain  there  would  have  l>een  in  the  act  some  provision 
for  the  ascertainment  of  damages  to  be  paid  to  the  landowner.  The  right  of 
the  plaintiff  to  have  the  water  of  Pipers  Brook  flow  through  his  land  as  it  had 
been  accustomed  to  flow  (i.  e.,  pure  and  uucontaminated)  is  not  an  easement, 
but  is  inseparably  annexed  to  the  soil.  (Wadsworth  v.  Tillotson,  15  Conn.,  366, 
373.)  To  deprive  the  plaintiff  of  that  part  of  his  soil  for  the  purposes  named  in 
that  act  would  be  the  taking  of  private  property  for  public  use,  and  the  plaintiff 
would  be  entitled  to  have  just  compensation. 

As  the  complainant  lived  outside  the  city  limits,  it  was  held  that  he 
was  in  no  way  affected  by  the  assessment  proceedings. 

The  other  defenses  amounted  to  a  claim  of  right  to  such  use  of  the 
stream  by  prescription.  As  to  this  defense  the  court  says,  at  page 
683: 

The  sixth  defense  presents  the  question  of  prescription.    We  have  air 
indicated  our  opinion  that  the  use  of  Pii)ers  Brook  of  which  the  \)lQLl!\t^f 


38  LA.W8  FOBBiDDiKa  rmjaff^-wASim  pmJuiT^        rn^m] 

plains  is  a  public  nulsaiioe.  We  suppose  tb»  law  to  be  so  tbat  a  vnSaXkt  waSm 
can  not  be  prescribed  for.  No  Imgth  of  time  can  legitimate,  or  enable  a  ptilr  ! 
to  prescribe  for,  a  public  nuisance.  (People  v.  Connlnghain,  1  Denioi,  8M;  ] 
Mills  V,  Hall,  9  Wend.,  315;  Yeaaie  v.  Dwinel,  60  Me.,  470,  4B0;  OoumionweriBi  \ 
V.  Upton,  6  Gray,  471,  476;  Wood  on  Nuisances,  722;  19  Am.  and  Bug.  Bne^eit  j 
Law,  30.)  Wb^  an  action  is  brou^t  by  a  party  wbo  has  suffered  a  spi 
injury  in  ccmsequence  of  a  public  nuisance,  a  prescriptiTe  rigbt  to  do  tbe  sdi  ^ 
complained  of  can  not  be  maintained  against  bim.  (Bowcm  v.  Wendt,  103  OiL, 
236;  People  v.  Gold- Run,  etc.  Mining  Co.,  66  Cal.,  138;  Bostcm  Rotting  MOli a 
Cambridge,  117  Mass.,  396;  03ri^  v.  St  Paul,  18  Minn.,  176;  Ooc^ey  on  IMn 
614.)  Tbere  is  no  occasion  to  discuss  tliis  defmse  f^rtiiw,  because  tlie  defl 
ant's  counsel  in  tbeir  brief  expressly  disclaim  ttiat  any  rlglit  caii  l>e  obtainecl 
by  prescription  to  commit  such  a  nuisanoa  '"^^ 

In  Morgan  v.  City  of  Danbury  (67  C(»m.,  484)  tbei^yestion  of 
restraining  a  city  from  polluting  the  water  of  a  stream  by^wage,  at 
the  suit  of  a  mill  owner  below  the  city,  was  thorous^y:  discussed, 
and  the  injunction  sustained.  Tlie  opinion  is  written  by  Baldwin,  J^ 
and  the  important  portions  of  it  are  as  follows  (p.  498)  : 

<  Tbe  nuisance  tbus  ccMnplained  of  consisted,  tlien,  of  dis(teTging  into  a  rifcr, 
at>oye  tlie  plaintUTs  pr^nises,  certain  substances  of  a  kind  and  in  such  a  man- 
ner tbat  tbe  wator  came  to  bim  polluted,  and  a  d^MMrit  was  made  upon  Ids  Itnd 
and  in  bis  mill  pond  wbereby  noxious  odors  were  created,  dangerous  to  his 
bealtb  and  tbat  of  others,  bis  dam  partly  filled  up  by  flltb,  andtbe  use  and  Tafaie 
€f  bis  property  largely  taken  away— injuries  wbidbi  tlie  detaidant  intended  to 
increase  by  enlarging  its  sewer  system,  and  adding  to  tba  amount  of  tiie  de- 
posits made  from  tbe  sewers  in  tbe  river,  tbe  result  of  which  would  be  to  till 
up  his  mill  pond  with  filth  and  sewage,  and  make  his  property  valueless. 

These  allegations  were  denied,  but  they  have  been  found  true,  and  there  is 
notliing  inconsistent  witli  their  truth  in  the  si)ecial  finding?  of  facts.  They  stated 
that  tlie  dei)osits  from  the  sewers  lx)th  filled  up  the  plaintiff's  mill  |>ond,  and  pol- 
luted the  air  he  breathed  and  the  waters  that  flowed  over  his  property.  These, 
though  proceeding  from  the  same  act.  pro<luced  separate  injuries.  A  nuisance 
was  create<l  with  a  double  asi)ect.  That  to  the  waters  of  the  stream  and  the  air 
above  it  it  was  found  constituted  a  public  nuisance,  though  it  was  one  which  also 
wrought  a  si)eclal  and  peculiar  injury  to  the  plaintiff.  That  from  filling  up  the 
mill  pond  constituted  simply  a  private  nuisance.  (Haskell  t?.  New  Bedford,  108 
Mass..  208,  210;  Brayton  v.  Fall  River,  113  Mass.,  218,  229.)  It  was  proper  that 
the  injunction  should  be  so  framed  as  to  protect  the  plaintiff  against  ever}' 
serious  and  irreparable  injury  which  he  might  suffer  by  the  continuance  of  tbe 
nuisance,  and  its  terms  are  fully  conformable  to  the  claims  stated  in  his  com- 
plaint. 

The  defendant  contends  that  the  decree  is  too  broad,  in  that  it  restrains  the 
discharge  into  the  river  of  any  sewage,  even  if  not  of  a  noxious  or  pollutlDg 
character,  or  though  entirely  and  ixermanently  disinfected  and  purified. 

The  primary  meaning  of  **  sewage "  is  that  which  passes  through  a  sewer 
(Century  Dictionary;  Webster's  International  Dictionary).  A  secondary  mean- 
ing is  deriveil  from  tlie  usual  character  of  the  contents  of  a  sewer,  and  as  used 
In  that  sense  the  word  signifies  the  refuse  and  foul  matter,  solid  or  liquid, 
which  it  so  carries  off. 

In  the  plaintiff's  complaint  the  connection  in  which  the  term  is  employed  is 
such  as  to  indicate  that  it  was  intended  to  carry  the  secondary  meaning. 
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And  further,  at  page  496 : 

The  defendant  urges  that  It  should  not  be  made  responsible  for  the  acts  of 
others,  and  that  if  its  sewage  is  thoroughly  disinfected,  sterilized,  and  purified 
before  its  discharge  into  the  river  nothing  further  should  be  re^piired,  even 
though  as  it  flows  down  the  stream  it  may  he  brought  into  contact  with  otlier 
substiinces  in  such  a  way  as  to  work  a  nuisance.  But  the  right  to  deposit  a  tiling 
In  any  place  must  always  l)e  dependent  not  only  on  its  own  nature  but  on  the 
nature  of  the  place  in  question  and  the  uses  to  which  that  has  already  been  put. 
A  lighted  match  may  be  safely  thrown  into  a  brook  under  ordinary  circum- 
stances, but  not  should  it  happen  to  be  covered  with  oil  from  a  leaky  tank. 

If  different  parties  by  several  acts  foul  the  same  stream,  each  may  l)e  enjoined 
against  the  commission  of  the  wrong  with  which  he  is  individually  chargeable. 

And  see,  also,  Watson  v.  Town  of  New  Milford  (72  Conn.,  561) ; 
Piatt  Bros.  &  Co.  v.  Waterbury  (72  Conn.,  531) ;  and  note  on  ''  Rights 
of  municipal  corporations  to  drain  sewage  into  waters,"  appended  to 
a  report  of  the  last-named  case  in  48  Lawyers'  Rep.  Annotated, 
page  691. 

In  Mayor,  etc.,  of  Birmingham,  v.  Land  (34  So.  Rep.,  C13),  decided 
by  the  supreme  court  of  Alabama  in  June,  1903,  the  Connecticut 
cases  above  cited  were  followed.  Among  other  things,  the  court,  per 
McClellan,  C.  J.,  say : 

The  fact  that  the  city  of  Birmingham  had  statutory  authorization  to  construct 
a  sewer  emptying  into  Valley  Creek,  upon  the  condemnation  of  lands  talcen  or 
injured  in  its  construction  and  use,  is  not  of  importance,  since  the  lands  here 
injured  have  not  been  condemned.  The  nuisance  is  none  the  less  a  nuisance 
.because  of  the  statutory  power  referred  to,  the  right  to  exercise  tlie  power  in 
respect  of  this  land  not  having  l)een  acquired.  City  of  Mansfield  v,  Balliett 
(65  Ohio  St,  451 ;  58  L.  R.  A.,  628,  and  note). 

See,  to  the  same  effect,  Sammons  v.  City  of  Gloversville  (67  N.  E. 
Rep.,  622),  decided  by  the  court  of  appeals  of  New  York,  June  9, 1903. 
In  this  case  an  injunction  was  granted,  its  operation  being  suspended 
to  enable  the  defendant  to  obtain  legislative  relief,  or  to  abate  the 
nuisance. 

In  Middlesex  Company  v.  Lowell  (149  Mass.,  509),  decided  in  1889, 
it  was  held  that  an  injunction  should  be  granted  to  restrain  defend- 
ant from  discharging  sewage  into  plaintiff's  mill  pond,  and  that  no 
right  to  do  so  could  Ix*.  acquired  by  prescription. 

This  places  Massachusetts  in  line  with  the  other  States,  notwith- 
standing the  decision  in  Merrifield  f\  Worcester  that  a  city  is  not 
liable  for  damages  caused  by  lawfully  laying  out  and  constructing 
and  reasonably  using  a  system  of  sewers  in  accordance  with  plans 
adopted  by  the  proper  corporate  body,  upon  the  principle  that  such 
]x)dy  acts  quasi  judicially  in  so  adopting  plans. 

In  Butler  v.  Village  of  White  Plains  (69  N.  Y.  Supp.,  193;  N.  Y. 
Sup.  Court  App.  Div.,  2d  Dept,  March,  1901),  an  injunction  war 
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granted  against  a  imisanoe  caused  by  the  deposit  of  the  effluent  o{ 

ilefLMKlant's  j^^wago  in  the  Bronx  River,  The  fact  that  others  we 
^|jollutiiig  the  Btreain  was  no  defense, 
I  Grey  J  Attorney-General,  t^  Paterson  (13  Dick,,  1;  on  appeal.  15 
jDick.,  385),  wrs  an  action  brought  by  riparian  ownei-s  below  Pater^Mi 
:  f or  an  injunction  restraining  the  city  of  Patersou  from  depo^jiting or 
[discharging  itvS  sewage  through  its  drains  or  sewers  into  the  Passaic 
[illiver.  and  from  constructing  new  sewer's  to  discharge  into  .said  ri^>r. 
land  from  enlarging  or  increasing  its  present  sewerage  system  with 

cutlets  into  said  river. 

By  an  act  passed  in  lSf>7  (R  L.  of  1867,  p.  f>53,  sec.  17)  Patera 

bad  been  autiiorized  by  the  legislature  as  follows: 

That  the  [Day or  and  aldermen  of  the  dty  of  Paterson  are  hereby  authoHi<HJ  tn 

■tefse  siielj  surveys,  iimjis,  and  returns  to  lie  luade  nsf*  iiiny  Iw  iitn^esgary  to  t^vmUW 

^m&m  to  preKcrihe  and  adojit,  cither  for  the  whole  or  any  pjtrt  of  said  city,  i\» 

•  lorntiou  of  streets  and  sewers,  or  either,  and  the  width  thereof,  hereafter  to  \v 

o|ienetl  or  constiiieted  therelan  and  when  Kueh  lot-atlon,  width.  luid  ^riide  shnll  1»* 

ntlopted,  ttie  surveys,  nmi>s.  find  returns  prt^srrlbing  and  defining  the  same  ^ilwH 

1m?  rtK-orded  In  the  clerk's  oflk^  of  the  ixmnty  of  Passu  li\  nnd  thereufxm  no  stifrt 

or  sewer  f^hall  thereafter  within  the  district  L-oniitrlscd  in  Jiny  swh  survey,  ma^ 

or  return  In*  ojK'ned  or  constructed,  except  in  <*oufonnity  therewith  as  to  lofs- 

'  tlon,  width,  nnd  j^rade,  and  fully  to  acttnntdish  the  pun^is^^'s  contenn^late*!  hy  fMi 

!, section  the  said  mayor  and  iildenuen  may  employ  such  en^^lncers,  surveyors^  hh4 
'lOther  l^eniMJns.  and  pr(jvlde  for  their  ('om|)eu«atlon  and  jia^s  «ueh  ordiniin*^  an 
4ljey  may  deeui  to  he  proper,  and  may  enter  upon  any  land  for  tnaktiig  js*urv^ 
find  examinations. 

On  the  2Gth  of  February,  18C8,  Paterson  was  further  authorized  to 
construct  sewers  and  drains  (P.  L.,  1868,  p.  126).  The  second  section 
provides : 

That  all  such  sewers  and  drains  shall  be  constructed  in  conformity  with  the 
plans  thereof  adopted  or  which  shall  he  adopted  by  said  mayor  and  aldermen 
pursuant  to  the  seventeenth  section  of  the  act  approved  April  4,  18G7,  entitled 
"A  further  supplement  to  the  act  entitled  *An  act  amending  and  revising  the  act 
to  incorporate  the  city  of  Paterson.' " 

It  was  found  by  the  court  that,  so  far  as  the  authority  of  the  State 
can  avail  for  that  purpose,  the  legislative  consent,  in  this  case,  fur- 
nishes ample  protection  to  the  city  for  the  appropriate  exercise  of  the 
power  granted. 

It  was  further  said  that  riparian  owners  below  the  point  where  the 
tide  ebbs  and  flows  were  not  entitled  to  an  injunction,  because  the 
title  to  their  lands  did  not  extend  below  high-w  ater  mark. 

The  title  of  ow^ners  above  the  ebb  and  flow  of  the  tide  extends  to 
the  middle  of  the  stream,  subject  only  to  the  rights  of  the  public  for 
purposes  of  navigation;  and  it  is  held  that,  notwithstanding  the  leg- 
islative grant  of  authority,  such  owners  can  not  be  deprived  of  their 
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ight  of  property  in  the  river  without  just  compensation.  Following 
lie  case  of  Beach  v.  Sterling  Iron  and  Zinc  Company  (9  Dick.,  65),  as 
flirnied  in  10  Dick.,  824,  it  was  decided  that  the  owners  above  tide 
rater  were  entitled  to  compensation,  but  in  view  of  the  great  detri- 
aent  to  the  city  if  an  injunction  should  be  granted  and  the  compara- 
ively  small  injury  done  to  the  owners  the  injunction  was  refused, 
xcept  in  the  alternative  that  the  city  should  refuse  to  make  such 
ompensation  for  the  diminished  value  of  their  lands  as  shall  be 
Lscertained  to  be  just. 

In  this  case  there  is  no  recognition  of  the  damage  done  to  the  lands 
idjoining  or  near  the  stream.  The  complainant's  right  to  redress 
irises  wholly  from  the  injury  done  to  the  water,  in  which  they  have 
I  proprietary  right. 

In  Winchell  v.  Waukesha  (110  Wis.,  101),  Dodge,  J.,  gave  the 
opinion,  which  in  part  is  as  follows: 

The  findings  and  evidence  disclose  a  very  obvious  nuisance,  wliioh,  if  created 
and  maintained  by  an  individual,  would  entitle  the  plaintiff  to  the  aid  of  a 
court  of  equity  to  effect  its  abatement,  and  to  damages  if  pecuniary  injury  be 
established,  with  the  decisions  of  this  court  ♦  ♦  ♦  It  has  been  declared  by 
this  court  in  Harper  v.  Milwaukee  (30  Wis.,  3G5,  372),  that  **  the  general  rule  of 
law  is  that  a  municipal  corporation  has  no  more  right  to  ereot  and  maintain  a 
nuisance  than  a  private  individual  possesses,  and  an  action  may  be  maintained 
against  such  conx)ration  for  injuries  occasioned  by  a  nuisance  for  which  it  is 
responsible  in  any  ease  in  which,  under  like  circumstances,  an  action  could  be 
maintained  by  an  individual."  Again,  in  Hughes  r.  Fond  du  Lac  (73  Wis.,  380, 
383)  it  is  said:  **A  municipal  corporation  is  no  more  exempt  from  liability  In 
case  it  creates  a  nuisance,  either  public  or  private,  than  an  individual."  These 
statements  are  very  broad,  and,  appellant  insists,  must  yield  to  various  excep- 
tions and  limitations  (pp.  105  and  IOC). 

When,  if  ever,  the  legislature  shall  enact  that  streams  generally  or  any  stream 
shall  be  used  as  sewers  without  lial)ility  to  the  owners  of  the  soil  through  which 
they  run,  the  question  of  constitutional  protection  to  private  rights  may  be 
forced  upon  the  courts  for  decision.  Until  such  enactment  is  made,  however,  in 
clear  and  unambiguous  terms,  we  shall  be  slow  to  hold  by  inference  or  implica- 
tion that  it  has  been  made  at  all.  The  right  of  tbe  riparian  owner  to  the 
natural  flow  of  waters,  substantially  unimpalriHl  in  volume  and  purity,  is  one 
of  great  value,  which  the  law  nowhere  has  more  i)ersistently  recognizee!  than  in 
Wisconsin.  Not  alone  the  strictly  private  right,  but  important  public  interests, 
would  be  seriously  jeopardized  bj  promiscuous  pollution  of  our  streams  and 
lakes.  C3onsIderations  of  aesthetic  attractiveness,  industrial  utility,  and  public 
health  and  comfort  are  involved.  Amid  this  conflict  of  Important  rights,  we  can 
not  believe  that  the  legislature  conc^ealeil,  in  words  merely  authorizing  munici- 
palities to  raise  and  expend  money  for  the  construction  of  sewers,  a  declaration 
of  policy  that  each  municipality  miglit  in  its  discretion,  without  liability  to 
individuals,  take  practical  possession  of  the  nearest  stream  as  a  vehicle  for  the 
transportation  of  its  sewage  in  ji  crude  and  deleterious  condition.  At  that 
stage  in  its  logic  we  can  not  agree  with  the  Indiana  court  in  Yalimraiso  v. 
Hagen  (153  Ind.,  337). 


STATUTOBT  BESTBICnONS  OF  WATBSB  FOIiIiirnOK. 
CLASSIFICATION. 

Speaking  generally^  jurisdictioii  over  the  pollaticm  of  waters  in  ik 
United  States  is  confined  to  the  several  States,  lliere  is  no  proYiaoi 
in  the  (Constitution  whidi  gives  to  CSongress  authority  in  the  premiseBi 
partly,  no  doubt,  because  at  the  time  of  its  adoption  the  great  import 
tance  of  the  subject  from  an  interstate  point  of  view  was  not  tho^it 
of.  Hence,  by  the  familiar  principle  that  the  several  States  retam 
full  sovereign  powers  exi^ept  so  far  as  such  powers  are  restricted  bj 
the  National  Constitution  or  expressly  del^ated  thereby  to  thi 
National  Grovemment,  the  States  have  full-  control  of  this  subject 
In  reviewing  these  laws,  accordingly,  we  must  examine  the  statutes 
of  all  the  States  and  Territories. 

Uniformity  of  legislation  is  not  to  be  expected.  The  natural  condi- 
tions existing  in  different  portions  of  the  vast  territory  are  so  various, 
the  density  of  population  differs  so  widely  in  the  differ^it  sections 
involved,  and  public  enlightenment  as  to  the  deleterious  effects  of 
water  pollution  and  the  necessity  to  restrain  it  is,  in  sparsely  s^tled 
districts,  so  far  behind  that  which  has  been  devel<^)ed  in  congested 
areas  by  the  terrible  consequ^ices,  that  statutozy  regulations  mint 
necessarily  diffet*.  In  some  States  there  is  found  nothing  m<H%  tfaaa 
a  simple  provision  making  it  a  crime  to  poison  wells  and  springs, 
while  others  have  made  elaborate  provisions  designed  to  check  and, 
so  far  as  possible,  absolutely  to  prevent  all  pollution  of  waters  by 
mingling  with  them  the  refuse  products  of  animal  life  or  the  wastes 
of  human  industry.  If,  therefore,  we  are  to  avoid  making  this  review 
a  mere  catalogue  of  statutes,  it  will  be  necessary  to  adopt  some  system 
of  classification  and  grouping.  Doubtless  a  mere  citation  of  the 
statutes  of  all  the  States,  taken  in  their  alphabetical  order,  would 
serve  a  useful  purpose  in  enabling  the  reader  to  turn  to  the  particu- 
lar section  in  which  his  interest  lies  and  to  find  the  legislation  which 
affects  this  section.  But  if,  by  a  logical  grouping  of  States  according 
to  their  progress  in  this  particular,  we  can  give  a  clearer  idea  of  the 
status  of  such  legislation  as  a  whole,  without  seriously  interfering 
with  the  usefulness  of  the  book  as  a  compendium  of  State  laws  upon 
this  subject,  much  will  be  gained. 

Accordingly,  I  have  arranged  the  States  and  Territories  in  three 
groups  or  classes,  placing  those  in  each  group  in  alphabetical  order 
for  convenience  of  reference. 
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CLASS  I.  STATES  WITH  PARTIAL  RESTRICTIONS. 

riiis  ^oiip  comprisas  those  States  and  Territories  in  which  the 
;ishiture  has  confined  itself  to  forbidding  the  poisoning  or  poHution 
drinking  water  in  certain  ways  or  in  certain  localities.  They 
oiig  in  the  same  category  because  they  are  all  at  the  same  stage  of 
>wth  in  sanitary  education — i.  e.,  there  is  manifest  in  their  legisla- 
II  no  sense  of  the  general  desirability  of  pure  natural  wat4?rs,  but 
ly  a  desire  to  prevent  certain  acts  recognized  as  criminal  in  intent 
as  likely  to  injure  special  groups  of  persons  (public  or  private  cor- 
rations)  whom  the  legislature  desires  to  protect. 
.4ji  alphabetical  list  of  the  States  and  Territories  in  Class  I,  with 
i  statute^s  in  force  in  each  at  the  close  of  1005,  either  given  in  full 
abstracted  so  as  to  show  their  nature  and  force,  is  here  presented. 

ALABAMA. 

[Acts  of  Alabama,  1800-07.  p.  1281.1 

ACT  to  punish  any  i)orsoii  who  poUutes  or  contaiiii nates  water  suppUed  to 
(titles  and  towns  of  the  State. 

Section  1.  Be  it  enacted  by  the  general  asHemhly  of  Alabama,  That 
ihall  be  unlawful  for  any  person  to  knowingly  deposit  any  dead  ani- 
il  or  nauseous  substance  in  any  source,  standpijx*,  or  reservoir  from 
lich  water  is  supplied  to  any  city  or  town  of  said  State.  Any  per- 
1  violating  the  provisions  of  this  act  shall  be  guilty  of  a  misde- 
5anor,  and  upon  conviction  shall  l)e  punished  by  a  fine  not  exceeding 
00  and  may  be  sentenced  to  hard  labor  for  the  county  not  exceeding 
e  year. 
Approved,  February  17,  1897. 

[(leneral  Acts.  Alabama,  100.3,  Act  No.  r»42.  p.  409.] 

r  ACT  to  amend,  re<ronstruct.  and  provide  for  tlie  enfor<*ement  of  the  hiws 
relatinjr  to  tlie  public  liealtli. 

Sec.  15  (p.  508).  TVHienever  complaint  shall  ho  made  in  writing  to  a 
altli  officer  of  a  county,  city,  or  town  that  there  is  in  any  pond,  lake, 
stream  owned  or  maintained  by  a  private  individual  or  corjjoration 
y  source  of  infection,  or  unsanitary  condition,  which  is  i)rejudicial 

the  public  health,  or  likely  to  become  so,  or  any  material  or  thing 
at  is  grossly  offensive  or  indecent,  it  shall  be  the  duty  of  .such 
alth  officer  to  thorouglily  investigate  sucli  complaint.  If  upon 
vestigation  said  health  officer  shall  !)e  of  the  opinion  that  said  com- 
aint  is  well  founded,  he  shall  at  once  notify  the  j)erson  responsible 
erefor  that  he  must  remove  or  abate,  at  his  own  expense,  .said  source 

infection,  unsanitary  condition,  or  grossly  offensive  or  indecent 
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material  or  thing.  Should  sudi  perscm  respcmsiUe  for  said 
refuse  or  neglect  to  obey  such  order,  said  officer  shall  refer  the  matttf 
to  the  county  board  of  health  for  investigation,  and  either  party 
the  contest  may  request  the  State  health  officer  to  be  presrait  and  pu^ 
ticipate  in  the  investigation.  Should  said  county  board  of  heaUh 
agree  with  the  opinion  of  said  health  officer,  and  dhould  the 
responsible  for  said  nuisance  or  for  said  indecent  material  or  tlai^ 
still  refuse  or  neglect  to  comply  with  the  decision  reached  by 
county  board  of  health,  the  healUi  <^cer  to  whom  said  complaint 
first  made  shall  proceed  with  as  little  delay  as  possible  to  cause 
source  of  infection,  unsanitary  condition,  or  grossly  offensive  mai^ 
rail  or  thing  to  be  removed  or  abated  at  the  expense  of  the  poaoi 
responsible  therefor.  ^ 

ABKANSAS. 
^  [Sandel  and  HUFb  Dtgest,  1894.] 

Sec.  1903.  The  throwing  or  dragging  of  dead  animals,  or  animab 
in  a  dying  condition,  into  any  running  stream  or  other  body  of 
water  in  this  State  is  a  misdemeanor. 

Anyone  violating  the  provisions  of  this  chapter,  on  axQvidtioii 
thereof,  shall  be  fined  in  any  sum  not  less  than  t^i  nor  more  than 
fifty  dollars.     (Act  March  27, 1891.) 

[Laws  of  1895,  Acf  CXXVI,  p.  183.] 

AN  ACT  authorizing  municipal  c*orix)rations  and  other  c*ori.)orations  to  exercise 
certain  privileRes,  and  for  other  purposes. 

Sec.  7.  If  any  i)ersoii  shall  *  *  *  commit  such  a  nuisance  in 
or  near  the  impounding  dams  or  reservoirs  of  any  water  plant,  or 
shall  pollute  the  water  or  effect  [affect]  its  wholesome  qualities,  he 
shall  be  deemed  guilty  of  a  misdemeanor  and  be  fined  for  each  and 
every  offense  in  any  sum  not  exceeding  $200. 

[Sandel  and  Hill's  Digest,  sec.  5134.1 

They  [municipal  corporations]  shall  have  the  power  to  provide  a 
supply  of  water  by  constructing  or  accjuiring,  by  purchase  or  other- 
wise, Avells,  pumps,  cisterns,  reservoirs,  or  waterworks;  to  regulate 
the  same;  to  prevent  the  unnecessary  waste  of  water;  to  prevent  the 
pollution  of  the  water  and  injury  to  the  waterworks;  and  for  the  pur- 
pose of  establishing  or  supplying  waterworks  any  municipal  corpora- 
tion may  go  beyond  its  territorial  limits;  and  its  jurisdiction  to  pre- 
vent or  punish  any  pollution  or  injury  to  the  stream  or  source  of 
water,  or  to  the  waterworks,  shall  extend  five  miles  beyond  its  cor- 
porate limits.     [As  amended  by  laws  of  1903,  act  88,  p.  152.] 
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DELAWARE. 

[T^WB  of  1893,  p.  1024.] 

AN  ACT  to  amend  chapter  242,  volume  19,  of  the  Laws  of  Delaware,  entitled 
"An  act  to  provide  for  the  lighting  of  Middletown." 

Sec.  10  (p.  1029).  That  if  any  person  or  persons  shall  designedly 
or  maliciously  injure  the  said  light  and  water  works,  or  obstruct  the 
water  to  and  from  the  same,  or  in  any  manner  pollute  the  water 
supply  ♦  ♦  *  they  shall  forfeit  and  pay  to  the  commissioner  of 
the  town  of  Middletown  a  fine  not  exceeding  one  hundred  (100)  dol- 
lars, to  be  recovered^  etc. 

FLORIDA. 
[Revised  Statutes  of  Florida,  approved  January  8,  1801.] 

Sec.  2658.  Poisoning  food  or  water, — "Whoever  mingles  any  poison 
with  food,  drink,  or  medicine,  with  intent  to  kill  or  injure  another 
person,  or  wilfully  poisons  any  spring,  well,  or  reservoir  of  water 
with  such  intent,  shall  be  punished  by  imprisonment  in  the  State 
prison  for  life  or  any  term  of  years. 

Sec.  2665.  Corrupting  or  interfering  with  water  supply, — ^Vhoever 
wilfully  or  maliciously  defiles,  corrupts,  or  makes  impure  any  spring 
or  other  source  of  water  or  reservoir,  or  destroys  or  injures  any  pipe, 
conductor  of  water,  or  other  property  pertaining  to  an  aqueduct,  or 
aids  or  abets  in  any  such  trespass,  shall  be  punished  by  imprisonment 
not  exceeding  one  year  or  by  fine  not  exceeding  one  thousand  dollars. 

GEORGIA. 

[Laws  of  1896,  p.  84.] 

No.  57.  AN  ACT  to  prohibit  tlie  poisoning  of  any  spring,  well,  or  reservoir  of 
water,  to  provide  a  penalty  for  the  violation  of  the  same,  and  for  other  imr- 
poses. 

Sec.  1.  Be  it  enacted  hy  the  general  assembly  of  the  State  of 
Georgia^  and  it  is  hereby  enacted  by  authority  of  the  samc^  That  from 
and  after  the  passage  of  this  act  any  person  who  wilfully  and  wan- 
tonly poisons  or  procures  another  to  poison  any  spring,  fountain, 
well,  or  reservoir  of  water  shall  be  deemed  guilty  of  a  felony,  and  on 
conviction  therefor  shall  l>e  imprisoned  in  the  penitentiary  for  a 
term  of  not  less  than  two  nor  more  than  twenty  years. 

Sec.  2.  Repeals  inconsistent  laws. 

Approved,  December  19,  1896. 

IDAHO. 
[Penal  Code,  passed  1901.] 

Sec.  4916.  Every  person  ♦  ♦  *  who  wilfully  poisons  any  spring, 
well,  or  reservoir  of  water  is  punishable  by  imprisonment  in  the  Stat^ 
prison  for  a  term  not  less  than  one  nor  more  than  ten  years. 


IOWA. 
[Code  of  lowm,  annotated,  189T.] 

Sec.  4979.  Throwing  dead  aninuds  m  streamy  epring^  etc-^Jl  anj 
person  throw,  or  cause  to  be  thrown,  any  dead  anhnal  into  any  riiw, 
well,  spring,  dstem,  reservoir,  stream,  or  pcmd,  he  ^all  be  impris- 
oned in  the  county  jail  not  less  than  t^i  nor  more  than  thirty  days 
or  be  fined  not  less  tkan  fi:ve  nor  more  than  one  hundlred  dollars. 

KANSAS. 
[Lawe  of  1906,  chap.  267,  flah  and  game  law.] 

Sec.  6.  It  shall  be  unlawful  for  any  person  to  ^npty  or  throw  into 
<H-  place  in  any  lake,  pond,  river,  creek,  or  stream,  or  other  water 
within  or  bordering  on  this  State,  any  add,  drug,  lime,  or  oihet  dele- 
terious substance,  or  fidiiberries,  or  dynamite,  giant  powder,  or  otha* 
explosive  matter  of  whatever  kind,  or  any  material  or  liquid  which 
may  kill,  stun,  poison,  or  craze  fish ;  provided,  that  nothing  in  this 
^eection  shall  be  construed  to  prevent  the  proper  use  of  explosives 
.  Jer  the  exclusive  purpose  of  improving  navigatiim,  or  for  blasting 
wodk  on  [in]  preparing  foundations,  or  other  improvements  on  <Nr 
along  the  streams  or  waters  of  the  State. 

KENTUCKY. 

[Compilation  by  .Tohn  D.  Carroll,  2d  ed.,  1890.] 

Sec  1278.  If  any  person  shall  cast  or  place  the  carcass  of  any  cat- 
tle or  that  of  any  other  dead  beast  in  any  water  course  or  within 
twenty-five  yards  thereof,  or  shall  cast  the  same  into  any  spring,  or 
into  any  pond,  such  person,  for  every  such  offence,  shall  be  fined  for 
the  first  offense  not  less  than  five  nor  more  than  twenty  dollars,  and 
every  subsequent  offense  not  less  than  twenty  nor  more  than  one  hun- 
dred dollars.     (Under  head  of  "  Offences  against  public  health.") 

LOUISIANA. 
[Revised  Laws  (Wolff).] 

Sec.  924.  Amending  law  of  1882,  page  100. 

Makes  it  an  offense  to  "  throw  or  cause  to  be  thrown  or  conveyed 
into  any  navigable  stream,  bay,  or  lake  within  this  State,  bagasse 
from  sugar  mills,  ballast  from  vessels,  sinking  timber  of  any  kind,  or 
any  other  matter  of  a  nature  to  form  an  obstruction  to  its  free  navi- 
gation." 

MICHIGAN. 
[Compiled  Laws  of  the  State  of  Michigan  (Lewis  M.  Miller).] 

Sec.  11496.  Willfully  poisoning  spring,  well,  or  reservoir  made  a 
crime. 
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Sec^  2806.  The  council  (of  any  village  located  upon  or  adjacent  to 
any  of  the  navigable  waters  of  this  State)  shall  have  authority  to 
"  provide  by  ordinance  for  the  pre.servation  of  the  purity  of  the 
waters  of  any  harbor,  river,  or  other  waters  within  the  village,"  and 
other  powers. 

Sec.  3146.  The  council  (of  any  city  located  upon  or  adjacent  to  any 
of  the  navigable  waters  of  the  State)  '^  shall  have  authority  to  pro- 
vide by  ordinance  for  the  preservation  of  the  purity  of  the  waters 
of  any  harl)or,  river,  or  other  waters  within  the  city,  and  within  one- 
half  of  a  mile  from  the  corporate  lx)undaries  thereof;  to  prohibit  and 
punish  the  casting  or  depositing  therein  of  any  filth,  logs,  floating 
matter,  or  any  injurious  thing,"  and  other  powers. 

[Public  Acts,  1800.  No.  80,  p.  115.) 

AN  ACT  to  prevent  and  punish  the  iwUution  and  contamination  of  tlie  waters 
of  the  stream  knowh  as  Woif  Creek,  in  Lenawee  County,  Michigan,  and  the 
tributaries  thereof. 

The  people  of  the  State  of  Michigan  enact: 

Section  1.  It  shall  be  unlawful  for  any  person  or  persons  to  wil- 
fully or  in  any  other  manner  knowingly  to  befoul,  pollute,  contami- 
nate in  any  manner,  so  as  to  render  said  water  offensive  for  drinking 
purposes,  the  waters  of  that  stream  situated  in  the  townships  of 
Adrian,  Rome,  and  Cambridge,  Lenawee  County,  Michigan,  and 
known  commonly  as  Wolf  Creek,  or  any  tributary  thereof  situated 
in  said  county,  at  any  place  in  said  stream  above  the  dam  from  w^hich 
the  water  .supply  of  the  city  of  Adrian  is  taken. 

Sec.  2.  "WTioever  mischievously,  maliciously,  or  wilfully  puts  any 
dead  animal,  carcass  or  part  thereof,  or  any  other  putrid,  nauseous, 
noisome,  or  offensive  substance  in  said  stream  or  its  tributaries,  or  in 
any  other  manner  befouls  the  waters  of  said  stream  or  its  tributaries 
in  an  unwholesome  or  offensive  manner,  or  shall  drain  the  contents 
of  any  barnyard,  waste  factory  products,  or  other  unwholesome  sub- 
stance, into  the  water  of  said  stream  or  its  tributaries,  shall  be 
deemed  guilty  of  a  violation  of  this  act. 

Sec.  3.  Any  person  convicted  of  a  violation  of  this  act  shall  be 
punished  by  a  fine  not  exceeding  one  hundred  dolhu-s  and  not  less 
than  five  dollars  and  costs  of  prosecution,  and  in  default  of  the  pay- 
ment of  said  fine  and  costs  he  shall  l)e  imprisoned  in  the  jail  of 
Lenawee  County  not  less  than  ten  nor  more  than  ninety  days,  or  both 
such  fine  and  imprisoinuent,  in  the  discretion  of  the  court. 

This  act  is  ordered  to  take  immediate  effect. 

Approved,  May  17,  1891). 


[Boom  Buried  Act  No.  404.) 

AN  ACT  in  relation  to  tbe  pollution  of  the  waters  of  Pine  BXver  la  jttie  i 
of  Midland  and  Gratiot,  and  Cass  RiTer  in  the  county  of  ToBOoia. 

Sbc.  1.  It  shall  be  unlawful  for  any  person,  firm,  <»r  oorponilioi|| 
except  municipal  corporations,  or  any  agent  or  employe  of  such  i 
or  corp<nration  to  pollute  the  waters  of  Pine  River  in  the  countieBflf] 
Biidland  and  Gratiot,  and  Cass  River  in  the  county  of  Tosoob,  hf  | 
depositing  or  attnnpting  to  deposit  therein  any  beet  pulp  or  edMr| 
waste  matt^  of  any  kind  or  diaracter  liable  to  decompositiKni. 

Sbc.  2.  Any  person,  firm,  or  corporation,  or  any  agent  or  empbjvl 
of  sudi  firm  or  corporation,  found  guilty  of  a  violation  of  this  ad  ] 
^all  be  punished  by  a  fine  of  not  less  than  one  hundred  fifty  dollar^  I 
or  more  than  three  hundred  dollars,  or  by  imprisonment  in  the  coimtj 
jail  for  not  less  than  three  months  nor  more  than  six  months,  or  hj 
both  3udi  fine  and  imprisonment  in  the  discretion  of  the  court 

MISSISSIPPI. 
[Annotated  Code  of  the  General  Statute  Laws  (Thompson,  Dillard  k  CampbeU).! 

Sec.1826  (under  '^Crimes  and  misdemeanors").  If  any  person 
shall  in  any  manner  permanently  obstruct  any  of  the  navigabk 
waters,  or  shall  place  any  obstruction  therein  and  not  remove  the 
same  within  a  reasonable  time,  or  if  any  person  shall  pollute  any 
such  waters  by  putting  therein  the  carcass  of  any  dead  animal,  or  any 
refuse  or  foul  matter,  or  any  matter  or  thing  calculated  to  render  the 
water  thereof  less  fit  for  drink  or  the  sustenance  of  fish,  the  person 
so  offending,  in  either  case,  shall  be  guilty  of  a  misdemeanor,  and,  on 
conviction,  shall  be  punished  by  a  fine  of  not  more  than  fifty  dollars, 
or  by  imprisonment  in  the  county  jail  not  more  than  thirty  days,  or 
both ;  but  this  shall  not  apply  to  the  Mississippi  or  Yazoo  rivers. 

[Amended;  I^aws  of  1898,  chap.  89,  p.  101. J 

Exception  of  Mississippi  and  Yazoo  rivers  dropped  out,  and  the 
following  clause  added :  "  But  this  act  shall  not  l)e  so  construed  as  to 
prevent  any  city  or  town  in  this  State  from  constructing  sewers  so 
as  to  empty  into  any  navigable  streams  of  water  in  this  State.'' 
( Approved  Vebruary  ^  10,  1898. ) 

NEBRASKA. 

rCompiled  Statutes  of  Nebraska,  1807.1 

Sec.  ()892  (Criminal  Code,  sec.  229).  Putting  offensive  matter  into 
weU  or  spring. — If  any  person  or  persons  shall  put  any  dead  animal, 
carcass,  or  part  thereof,  or  other  filthy  substance,  into  any  well,  or 
into  any  spring,  brook,  or  branch  of  running  w-ater,  of  which  use  is 
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made  for  domestic  purposes,  every  {:)erson  so  offending  sliiill  be  fined 
ill  any  sum  not  less  than  two  nor  more  than  forty  dollars. 

Sec.  6893  (230).  If  any  person  or  {x^rsons  shall  put  the  carcass  of 
any  dead  animal,  or  the  offals  from  any  slaughterhouse  or  butcher's 
establishment,  packing  house,  or  fish  house,  or  any  spoiled  meats  or 
spoiled  fish,  or  any  putrid  animal  substance,  or  the  contents  of  any 
privy  vault,  upon  or  into  any  river,  bay,  creek,  pond,  canal,  road, 
street,  alley,  lot,  field,  meadow,  public  ground,  market  space,  or  com- 
mon *  *  *  he  shall  l>e  fined  in  any  sum  not  less  than  one  nor 
more  than  fifty  dollars. 

NORTH    DAKOTA. 

[Revised  Codes  of  North  Dakota,  1899.] 

Se(\7291  (Penal  Code,  sec.  435).  Fouling  xmter  with  gas  tar, — 
Every  pei'son  who  throws  or  deposits  any  gas  tar  or  refuse  of  any  gas 
house  or  factory  into  any  public  waters,  river,  or  stream,  or  into  any 
sewer  or  stream  emptying  into  any  such  public  \yaters,  river,  or 
stream,  is  guilty  of  a  misdemeanor. 

[Chap.  69.  Kouilng  the  public  waters  of  this  State.l 

Sec.  7653.  Fouling  publir  traters, — Every  person  who  deposits  or 
places  or  causes  to  he,  deposited  or  placed  any  dead  animal,  offal,  or 
other  refuse  matter  offensive  to  the  sight  or  smell  or  deleterious  to 
health  upon  the  banks  or  in  the  waters  of  any  lake  or  stream,  so  far 
as  the  same  is  within  the  jurisdiction  of  the  State  is  guilty  of  a  mis- 
demeanor, and  ujx)n  conviction  thereof  is  punishable  by  a  fine  of  not 
less  than  twenty  and  not  exceeding  one  hundred  dollars. 

Sec.  7054.  Extent  of  last  section. — The  provisions  of  the  last  sec- 
tion shall  he  construed  to  include  privies  and  privy  vaults  and  ^ny 
stable,  shed,  j)en,  yard,  or  corral  wherein  is  kept  any  horse,  cattle, 
sheep,  or  swine  and  located  nearer  than  sixty  feet  from  tli(»  top  of  the 
bank  of  such  lake  or  stream,  and  also  any  slaughter  house,  giave, 
graveyard,  or  cemetery  located  nearer  than  eighty  feet  tlu'iefrom. 
But  the  provisions  of  said  section  shall  not  be  construed  to  prevent 
any  incorporated  city  within  this  State  from  running  its  sewers  into 
any  river:  Pro  rifled.  That  where  there  is  a  dam  across  said  river 
within  the  corporate  liniits  of  any  such  city,  any  such  sewer  shall  con- 
nect with  such  river  below  such  dam. 

OKLAirOMA. 
[WUson's  Revised  and  Annotatetl  Statutes  of  (^)klahoma,  vol.  1.  p.  804.1 


Sec.  3732.  From  ''An  act  .to  prevent  public  nuisances  and  fix 
penalties -for  maintaining  the  same." 


.^ 


» 
Sec.  16.  It  shall  be  unlawful  for  any  peroon  or  pefSKms  or  < 

tions  to  put  any  dead  animal,  carcass,  or  part  thereof  into  any 

spring,  brook,  or  branch  of  running  watw  of  whii^  use  is  made  1 

domestic  purposes.    Every  person  or  perscms  so  offending  diall,  ( 

conviction  thereof,  be  fined  in  any  sum  not  lees  than  five  nor : 

than  one  hundred  dollars. 

Sec.  8783.  Any  person  or  persons  or  corpc»rations  who  shall  pot] 
any  dead  animal  or  any  part  of  the  carcass  of  a  dead  «nimail  intoaql 
river,  creek,  or  pond  shaU,  upon  conviction  thereof,  be  fined  in  iii|r| 
sum  not  less  than  two  nor.  more  than  twenty-five  dollars. 

Sec.  2344.  Every  person  who  throws  or  deposits  any  gas  tv  mi 
refuse  of  any  gas  house  <xr  factory  into  any  public  wat^^  river, « j 
stream,  or  into  any  sewer  or  stream  emptying  into  any  such  poUiei 
waters,  river,  or  stream  is  guilty  of  a  misdemeanor. 

RHODE  ISLAND. 
(Reyistoii  of  1806,  see.  16»  p.  077.] 
OFFENCES  AGAINST  THE  PEB80K. 

Sec.  16.  Every  person  who  shall  mingle  any  poison  with  any  food, 
drink,  or  medicine,  with  intent  to  kill  or  injure  any  person,  and  evny 
person  who  shall  wilfully  poison  any  spring,  wdl,  or  reservcnr  of 

water  with  such  intent  shall  be  imprisoned  for  life  or  for  any  term  of 
years. 

[Laws  of  Rhode  Island,  1904,  chap.  1222,  p.  33.] 

AN  ACT  for  the  better  protection  of  the  shell  fisheries  in  the  public  waters  of 

this  State. 

Sec.  1.  No  person  shall  deposit  in,  or  allow  to  escape  into,  or  shall 
cause  or  permit  to  te  deposited  in,  or  allowed  to  escape  into  any  of  the 
public  waters  of  this  State  any  substance  which  shall  in  any  manner 
injuriously  aflFect  the  growth  of  the  shellfish  in  or  under  said  waters, 
or  which  shall  in  any  manner  affect  the  flavor  or  odor  of  such  shell- 
fish so  as  to  injuriously  affect  the  sale  thereof,  or  which  sliall  cause 
any  injury  to  the  public  and  private  fisheries  of  this  State. 

Sec.  2.  Any  person  violating  any  of  the  provisions  of  this  act 
shall,  upon  conviction  thereof,  l)e  fined  not  less  than  five  hundred 
dollars  or  more  than  two  thousand  dollars,  one-half  thereof  to  the 
use  of  the  complainant  and  one-half  thereof  to  the  use  of  the  State: 
Provided^  That  in  case  of  conviction  upon  prosecution  by  the  com- 
missioners of  shell  fisheries  the  whole  of  any  fine  imposed  shall  go  to 
the  use  of  the  State. 

Sec.  3.  Every  person  violating  any  of  the  provisions  of  this  act 
shall  be  liable  to  pay  to  the  party  injured  by  such  violation  double 
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the  amount  of  damages  caused  thereby,  to  be  recovered  in  an  action 
of  the  case  in  any  court  of  competent  jurisdiction.  It  shall  not  be 
necessary,  before  bringing  suit  for  the  recovery  of  such  damages,  for 
a  criminal  prosecution  to  have  l^een  first  instituted  for  the  violation 
of  the  provisions  of  this  act,  nor  shall  the  recovery  of  damages  under 
this  section  be  a  bar  to  such  criminal  prosecution. 

Sec.  4.  It  shall  be  the  duty  of  the  commissioners  of  shell  fisheries 
to  investigate  all  complaints  made  to  them  of  the  violation  of  any  of 
the  provisions  of  this  act.  For  the  purix)se  of  such  investigation  said 
commissioners  may  make  examination  of  the  premises,  hold  public 
hearings,  summon  witnesses,  and  take  testimony  under  oath,  and  they 
shall  have  power  to  punish,  by  fine  or  imprisonment  or  both,  all  con- 
tempt of  their  authority  in  any  hearing  l>efore  them.  They  may 
employ  professional  or  expert  services  as  they  may  deem  desirable. 

Sec.  5.  It  shall  he  the  duty  of  the  shell  fish  commissioners  to  prose- 
cute any  person  in  their  opinion  guilty  of  the  violation  of  any  of  the 
provisions  of  this  act,  and  in  all  such  prosecutions  said  commissioners 
shall  not  be  required  to  enter  into  any  recognizance  or  to  give  surety 
for  costs.  It  shall  be  the  duty  of  the  attorney-general  to  conduct  the 
prosexjution  of  all  cases  brought  by  said  commissioners  under  the 
provisions  of  this  act.  Complaints  may  also  be  brought  and  prose- 
cuted by  any  citizen  for  any  violation  of  its  provisions. 

Sec.  6.  The  expenses  incurred  by  the  commissioners  of  shell  fish- 
eries in  the  performance  of  the  duties  imposed  upon  them  by  this  act 
shall  be  paid  by  the  general  treasurer  out  of  any  funds  in  the  treasury 
not  otherwise  appropriated,  upon  the  presentation  of  vouchers  there- 
for duly  certified  by  their  chairman. 

Seg.  7.  All  provisions  of  the  General  Laws,  of  the  Public  Laws, 
and  of  any  special  law  inconsistent  herewith  are  hereby  repealed, 
and  this  act  shall  take  effect  upon  its  passage. 

[Laws  of  Rhode  Island.  1004,  chap.  1178,  p.  58.] 

AN  ACT  to  prevent  iwUutlon  of  tlie  sources  of  the  water  supply  of  the  cities 
of  Pawtucket  and  Woonsocket  and  the  towns  of  Bristol  and  East  Providence. 

Sec.  1.  Section  1  of  chapter  491  of  the  Public  Laws  is  hereby 
amended  so  as  to  read  as  follows : 

"  Sec.  1.  No  person  shall  throw  or  discharge,  or  suffer  to  1h^  dis- 
charged from  land  owned,  occupied,  or  controlled  by  him,  into  any 
stream,  pond,  or  reservoir  used  as  a  source  of  water  supply  by  the 
city  of  Woonsocket,  the  city  of  Pawtucket,  the  city  of  Newport,  the 
town  of  Bristol,  the  town  of  Warren,  the  town  of  East  Providence, 
the  town  of  Narragansett,  the  town  of  Jamestown,  the  East  Green- 
wich fire  district,  or  by  any  water  company  supplying  water  f< 
domestic  use  in  any  of  said  cities  or  towns,  or  into  any  tributary  j 


feeder  of  any  sach  gtream,  pond,  or  reservoir,  any  sewerage,  dnuoup, 
refuse,  or  noxious  (»*  polluting  matter  of  such  nature  as  will  conqi 
or  impair  the  qimlity  of  the  waiters  of  said  stream,  pood,  or  Jnemmir, 
or  render  the  same  injurious  to  health,  whidi  water  shall  be  of  Ik 
recognised  standard  of  purity  to  be  determined  by  the  Stale  boaid 
of  health  or  other  recognized  auth<Nrity.  But  the  {xtoTisitms  of  tUi 
sedion  shall  not  interfere  with  or  prevent  the  enridiing  of  land  lor 
agricultural  purposes  by  the  owner  or  occupant  thereof  if  no  huaiia 
excrement  is  used  tiiereon.  Any  person  violating  the  iMX>vi8kiii8  d^ 
Hds  section  diall  be  punished  for  each  off^tice  by  a  fine  of  fifty  dollaD 
or  by  impriscmment  for  not  to  exceed  thirty  days  or  by  both  sudi  fiai 
and  impriscmment. 

Ssc.  2.  Section  2  of  diapt^  491  is  hereby  am^ided  so  as  to  read  as 
follows:  t 

^  Sfio.  2.  Hie  State  board  of  health  or  the  secretary  of  said  board, 
when  satisfied  that  any  sewerage,  drainage,  or  refuse  or  poOxstis^ 
matter  exists  in  a  locality  such.that  there  is  danger  that  said  mmst- 
age,  drainage,  or  refuse  or  polluting  matter  may  corrupt  or  inq^ 
the  quality  of  said  waters  or  render  th^n  injurious  to  health,  maj 
order  the  owner  or  occupant  of  the  premises  where  said  sewinage, 
drainage,  or  refuse  ot  polluting  matter  ^sts  to  remove  the  same  from 
.  said  premises  within  such  time  after  the  serving  of  the  notice  pr^ 
scribed  in  the  next  succeeding  section  as  said  board  or  secretary  may 
designate ;  and  if  the  owner  or  occupant  neglects  or  refuses  so  to  do 
he  shall  be  fined  twenty  dollars  for  each  day  during  which  he  permits 
said  sewerage,  drainage,  or  refuse  or  polluting  matter  to  remain  upon 
said  premises  after  the  time  prescribed  for  the  removal  thereof/' 

Sec.  3.  Section  3  of  chapter  491  is  hereby  amended  so  as  to  read  as 
follows : 

"  Sec.  3.  Such  notice  shall  be  in  writing,  signed  by  the  secretary  of 
the  State  board  of  health  or  the  person  performing  the  duties  of  that 
official,  and  shall  he  served  by  any  sheriff,  deputy  sheritf^  or  con- 
stable by  reading  the  same  in  the  j)resence  or  hearing  of  the  owner, 
occupant,  or  his  authorized  agent,  or  by  leaving  a  copy  of  the  same  in 
the  hands  or  possession  of,  or  at  the  last  and  usual  place  of  abode  of, 
said  owner,  occupant,  or  agent  if  within  this  State:  Provided^  hoic- 
€ver\  That  if  said  owner,  occupant,  or  agent  be  a  corporation  incor- 
porated in  this  State,  said  notice  shall  be  served  by  leaving  a  copy 
thereof  at  the  last  and  usual  place  of  abode  of  the  president  or  person 
performing  the  duties  of  president  of  said  corporation.  But  if  said 
premises  are  unoccupied,  or  the  residence  of  the  owner  is  unknown  or 
without  this  State,  or  if  tlie  said  owner  is  a  corporation  incorporated 
without  this  State,  the  notice  may  be  served  by  posting  a  copy  of  the 
same  on  the  premises  and  by  advertising  the  same  in  some  newspaper 
published  in  Providence  County  in  such  manner  and  for  such  length 
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of  time  as  the  State  l)oard  of  health  or  the  Secretary  thereof  may 
determine." 

Sec.  4.  Section  4  of  chapter  401  is  hereby  amended  so  as  to  read  as 
follows : 

"  Sec.  4.  The  secretary  of  the  State  lx)ard  of  health,  when  so 
directed  by  said  board,  shall  prosecute  for  all  violations  of  this  chap- 
ter and  shall  not  be  required  to  give  surety  for  costs  upon  complaints 
made  by  him;  but  the  cities  of  Woonsocket  and  Pawtucket  and  the 
towns  of  Bristol  and  East  Providence  shall  he  directly  liable  to  the 
State  for  the  costs  incurred  in  the  prosecution  for  violation  of  this 
chapter  in  their  respective  cases.'- 

Sec.  5.  Section  5  of  chapter  491  is  hereby  amended  so  as  to  read  as 
follows : 

''  Sec.  5.  The  appellate  division  of  the  supreme  court,  upon  the 
application  of  the  mayors  of  said  cities  or  the  presidents  of  the*  town 
councils  of  said  towns,  or  upon  the  application  of  the  secretary  of  the 
State  board  of  health,  may  issue  an  injunction  to  enforce  the  orders 
of  the  State  lx)ard  of  health,  or  the  secretai'y  thereof,  provided  for  in 
this  chapter." 

Sec.  f).  All  acts  and  parts  of  acts  inconsistent  herewith  are  hereby 
repealed,  and  this  act  shall  take  effect  upon  its  passage. 

Passed  April  12,  1901. 

WISCONSIN. 

[Wisconsin  Htatutea.  181)8,  p.  051.] 

POWERS    OF   COUNCn.    IN    CITIES    UNDER   GENERAL   LAW. 

57.  To  provide  for  the  j)reservation  of  any  harbor  within  or  of 
the  city;  prevent  any  usi*  of  the  same  or  of  such  part  of  any  lake, 
river,  stream,  spring,  or  pond  as  is  within  the  city,  or  any  action  in 
relation  thereto  inconsistent  with  or  detrimental  to  the  puhlir  liealth 
or  calculated  to  render  the  water  of  the  same  or  any  pari  then^of 
impure  or  offensive:  or  tending  in  any  degree  to  fill  up  and  obstruct 
the  same;  prohibit  and  punish  tlie  casting  or  depositing  therein  of 
any  earth,  dead  animals,  ashes,  or  other  substance,  or  filth,  logs,  or 
floating  matter.     *     *     * 

PRESERVATION    OF    PIIILIC    HEALTH. 

[Idem.  p.  1005.] 

Slaughterhoitses.  Sec.  1418.  No  person  shall  erect,  maintain,  or 
kc*ep  any  slaughterhouse  upon  the  bank  of  any  river,  running  stream, 
or  creek,  or  throw  or  deposit  tlierein  any  dead  animal  or  any  part 
thereof  or  any  of  the  carcass  or  offal  therefrom,  nor  throw  or  deposit 
the  same  into  or  upon  the  banks  of  any  river,  stream,  or  creek  whicl 
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shall  Sow  through  any  city,  village^  or  organized  toT^vn  cootainitig  two 
humhTMi  or  hkut  inhabitants,  or  enx't,  niaiiitsiin,  or  n^^  iiny  bniMutg 
fur  u  htiinglitcThouse  within  the  limits  of  any  vilhige,  incorporate*!  m 
unincor[>orated,  or  at  any  place  within  one-eighth  of  a  mile  of  bbt 
dwf*lling  liou^e  or  a  building  occupied  as  a  place  of  businea*^:  and 
every  j>ertson  who  ^hall  violat*^  any  of  the  provisions  of  thiis  aeclloai 
shall  forfeit  for  each  such  violation  not  Ie.ss  than  ten  dollar¥i  nor  maitt 
tliirn  (>nt*  hundred  dollarjs;  and  the  mayor  of  the  city,  presidi*nt  of  tb 
village,  and  the  chainnan  of  the  town  in  which  any  such  slaiiglitffv 
hotiKe  in  located  shall  have  the  power  to  and  shall  cause  the  same  to  be 
immediately  removed;  and  every  such  officer  who  shall  laiowingly 
permit  any  stieh  slaughterhouse  to  lie  used  or,  maintained  contrary  to 
the  provisioui^  of  this  s^ection  shall  forfeit  not  le*^  than  fiftjeen  dolIaB 
nor  moi*e  than  fifty  dollars.  In  any  county  containing  a  populatioD 
of  oni*  hundred  thousand  or  over  all  the  provisions  of  this  s*H'ti*>n 
relatitig  tci  slaughterhouses  shall  apply  to  all  establisbment^  an*l 
in  an  u  factories  in  which  dead  animals  or  any  part  thereof  or  any  of 
the  carcasses  or  offal  therefrom  are  collected  and  converted  into  mar 
ketable  products. 
"*'*,,  "'  * 

iOmXBSB  AfiAITTST  LJVn   AJU>  rmSQKS, 

Sec.  4S84,  Poisfmmg  food^  drmky  «te, — Any  person  who  ditll 
mingle  any  poison  with  any  food*  drink,  or  medicuie,  with  iotaol  to 
kill  or  injure  any  other  jwrscm,  or  who  shall  wilfully  jioisou  any 
spring*  well,  or  re.servoir  of  water  with  such  intent,  shall  be  punished 
by  imprisomiient  in  the  State  prison  not  more  than  ten  years  nor  less 
than  one  year. 

f  Lawn  of  Wtsc-onaln,  laOCi,  eb&p.  402.] 

AN  ACT  to  amend  eteetloo  4567  of  tlie  statutes  of  18118.  as  amendc^l  hy  chapter 
3iS5»  laws  of  19<)3|  prohibiting  (lejjositlng  of  deleterious  Bub^tanee^  la  water' 
nud  [irovlding  n  penaJty. 

Sec.  1.  Section  45G7  of  the  statutes  of  1898,  as  amended  by  cliapter 
326,  laws  of  1\>Q%,  is  hereby  amended  by  adding  after  the  wordis 
**  decayed  wood,'*  wheix^  they  oiTur  in  line  14  of  chapter  825,  laws  of 
1903,  the  words:  ""  Sawdust,  sawmill  offal,  and  planing  mill  diav- 
iijgs;  "  aisu  by  adding  aTter  lii«  wurd  '  pa|j«r  "  whei^e  it  ucuurs  ui  liiir 
16  of  chapter  825,  laws  of  1908,  the  words  "beet  sugar;"  further 
amend  by  striking  out  the  word  "  or  "  in  line  20,  all  of  lines  21,  22, 23, 
24,  and  25,  and  the  words  "  mill  shavings  "  in  line  26  of  chapter  825. 
laws  of  1908;  also  further  amend  by  adding  after  the  word  "  mouth,'' 
where  it  occurs  in  line  80  of  chapter  825,  laws  of  1903,  the  words 
"nothing  in  this  section  shall  apply  to  the  following  streams:  Th^ 
Kickapoo  Kiver,  the  Pine  Eiver  in  Eichland  Ciounty,  Balsam  branch 
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in  Polk  County,  the  Chippewa  River  from  mouth  of  Thornapple 
Biver  to  its  mouth,  Flambeau  River  from  dam  at  Ladysmith  to  its 
mouth.  Black  River  from  Falls  Dam  down,  in  Jackson  County,  and 
the  Wisconsin  River  from  the  north  boundary  line  of  the  city  of 
Rhinelander  down  to  its  mouth,"  so  that  said  section  45(57  when  so 
amended  shall  read  as  follows : 

'*  Section  45C7.  Any  person  who  shall  cast,  deposit,  or  throw  over- 
board from  any  row,  sail,  or  steam  boat  or  other  craft  into  any  of  the 
inland  waters  of  this  State  or  into  Green  Bay,  Sturgeon  Bay,  and 
Chequamegon  Bay,  or  deposit  or  leave  upon  the  ice  thereof  until  it 
melts,  any  fish  offal,  which  shall  be  construed  to  mean  and  include 
the  head,  intestines,  blood,  and  cleanings  of  fish  and  dead  fish,  or 
throw  or  deposit  or  permit  to  lx»  thrown  or  deposited  any  lime,  tan- 
bark,  ship  ballast,  stone,  sand,  slabs,  decayed  wood,  sawdust,  saw- 
mill offal,  and  planing-mill  shavings,  or  any  acids  or  chemicals  or 
waste  or  refuse  arising  from  the  manufacture  of  pulp,  papin*,  or  Iwet 
sugar,  or  other  substances  deleterious  to  fish  life  (authorized  drain- 
age and  sewage  from  municipalities  excepted),  into  any  of  the  rivers, 
lakes,  or  streams  of  this  State,  including  Green  Bay,  Chequamegon  - 
Bay,  Sturgeon  Bay,  or  into  any  streams  wherein  there  have  l)een 
planted  trout  fry,  or  in  which  trout  naturally  abound,  shall  be  pun- 
ished by  a  fine  of  not  less  than  twenty-five  dollars  nor  more  than  one 
hundre^l  dollars,  or  by  imprisonment  in  the  county  jail  not  le^ss  than 
thirty  days  nor  more  than  four  months.  (Nothing  in  this  section 
shall  apply  to  the  following  streams :  The  Kickapoo  River,  the  Pine 
River  in  Richland  County,  Balsam  branch  in  Polk  County,  the  Chip- 
pewa River  from  the  mouth  of  Thornapple  River  to  its  mouth.  Flam- 
beau River  from  dam  at  Ladysmith  to  its  mouth,  the  Black  River 
from  the  Falls  Dam  down  in  Jackson  County,  and  the  Wisconsin 
River  from  the  north  iKnuidary  line  of  the  city  of  Rhinelander  down 
to  its  mouth.)  The  fact  of  any  fisherman  coming  to  the  shore  with 
dressed  fish  in  his  boat  and  without  the  offal  produced  by  such  dress- 
ing shall  he  prima  facie  evidence  of  the  violation  of  the  first  clause*  of 
this  section." 

Sec.  2.  All  acts  or  parts  of  acts  inconsistent  with  or  in  conflict  with 
the  provisions  of  this  act  are  hereby  repealed. 

Sec.  3.  This  act  shall  take  effect  and  Ix^  in  force  from  and  after  its 
passage  and  publication. 
Approved,  June  17,  1905. 

CLASS  II.  STATES  WITH  GENERAL  RESTRICTIONS. 

This  group  consists  of  those  States  and  Territories  in  which  the 
importance  of  pure  water  for  every  inhabitunt  of  the  State  or  Terri- 
tory for  drinking  and  domestic  purposes  has  received  legislativf 
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reoognitioii.    It  will  be  noted  that  die  Iftws  are  geneml  m  Hmw  t 
cation,  varying  much  in  the  dalxMratoiesB  of  th^  w<M*diii^  and  ib  i 
emphasis  laid  upon  the  remedies  and  p^ialttes  provided  for  ii 
tions  of  the  law.  . 

This  class  logidiUy  includes  all  States  not  included  in  daas  I,  I 
inasmuch  as  certain  States  have  recently  adopted  stringi^it  and 
orate  methods,  novel  and  extraordinary  in  their  character,  to 
and  protect  the  purity  of  their  navigable  and  potable  waters, 
States  have  been  omitted  from  Class  II  and  are  treated  in  a  class  I 
themselves,  forming  Class  III  (see  p.  57). 

*  CALIFORKIA. 

[Penal  code  as  in  force  at  the  close  of  the  session  of  1901.] 

Sec.  874.  Putting  dead  ahinuds  in  streets^  rivers^  etc. — Every  per- 
son who  puts  the  carcass  of  any  dead  animal,  or  the  offal  from  anj 
slaughter  pen,  corral,  or  butcher  shop  into  any  river,  creek,  pond,  res- 
ervoir, stream,  street,  alley,  public  highway,  or  road  in  common  use^ 
or  who  attempts  to  destroy  the  same  by  fire  within  one- fourth  of  & 
mile  of  any  city,  town,  or  village,  except  it  be  in  a  crematcH^,  the 
construction  and  operation  of  which  is  satisfactory  to  the  board  of 
health  of  such  city,  town,  or  village;  and  every  person  who  puts  any 
water-closet  or  privy,  or  the  carcass  of  any  dead  animal,  or  any  offd 
of  any  kind  in  or  upon  the  borders  of  any  stream,  pond,  lake,  or  res- 
ervoir from  which  water  is  drawn  for  the  supply  of  the  inhabitants  of 
any  city,  city  and  county,  or  an}'  town  in  this  State,  so  that  the  drain- 
age for  such  water-closet,  i)rivy,  or  carcass,  or  otfal  may  l>e  taken  up 
by  or  in  such  stream,  pond,  lake,  or  reservoir;  or  who  allows  anv 
water-closet  or  privy,  or  carcass  of  any  dead  animal,  or  any  otfal  of 
any  kind  to  remain  in  or  upon  the  borders  of  any  such  stream,  j)on(l, 
lake,  or  reservoir  within  the  boundaries  of  any  land  owned  or  occu- 
pied by  him,  so  that  the  drainage  from  such  water-closet,  pri\'>%  car- 
cass, or  offal  may  be  taken  up  by  or  in  such  stream,  pond,  lake,  or 
reservoir,  or  who  keeps  any  horses,  mules,  cattle,  swine,  sheej),  or 
live  stock  of  any  kind  penned,  corralled,  or  housed  on,  over,  or  on  the 
borders  of  any  such  stream,  pond,  lake,  or  reservoir,  so  that  the  waters 
thereof  become  polluted  by  reason  thereof,  or  who  bathes  in  any  such 
stream,  pond,  lake,  or  reservoir,  or  who  by  any  other  means  fouls  or 
pollutes  the  waters  of  any  such  stream,  pond,  lake,  or  reservoir  is 
guilty  of  a  misdemeanor,  and  upon  conviction  thereof  shall  be  pun- 
ished as  described  in  section  877.  (Commissioners'  amendments, 
approved  March  16,  1901 ;  took  effect  July  1,  1901.) 

Sec.  374|.  Discharging  coal  tar^  etc,^  into  ivaters. — Every  person, 
firm,  association,  or  corporation  which  shall  discharge  or  deposit,  or 
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fc  shall  cause  or  suffer  to  be  discharged  or  deposited,  or  to  pass  in  or 
t  into  the  waters  of  any  navigable  bay  or  river  in  this  State  any  coal 
tar  or  refuse  or  residuary  product  of  coal,  petroleum,  asphalt,  bitu- 
men, or  other  carbonaceous  material  or  substance  is  guilty  of  a  mis- 
demeanor, and  for  each  offense  is  punishable  by  imprisonment  in  the 
county  jail  for  not  exceeding  one  year  or  by  fine  not  exceeding  $1,000 
or  by  both  such  fine  and  imprisonment.  (N*ew  scx'tion,  ap[)roved 
March  25,  1901;  took  effect  immediately.     Statutes,  1901,  p.  813.) 

[Statutes  of  Cullfornla,  11)05,  chap.  CXXXV,  p.  138.) 

AN  ACT  to  amend  the  penal  code  of  the  State  of  California  by  adding  a  new  sec- 
tion thereto,  to  be  numbere<l  wH.*tion  .H77b,  making  It  a  misdemeanor  to  refnse  or 
neglect  to  conform  to  the  rules,  orders,  and  regulations  of  the  State  board  of 
health,  concerning  the  i)ollution  of  water,  used  or  intendeil  to  be  used  for 
human  or  animal  consimii)tion : 

Skc.  1.  A  new  section  to  he  numl)ered  section  377b  is  hereby  added 
to  the  penal  code  of  the  State  of  California,  to  read  as  follows : 

377b.  Any  person  who  shall  violate  or  refuse  or  neglect  to  conform 
to  any  sanitary  rule,  order,  or  regulation  prescribed  by  the  State 
board  of  health  for  the  prevention  of  the  pollution  of  springs, 
streams,  rivers,  lakes,  wells,  or  other  waters  used  or  intended  to  be 
used  for  human  or  animal  eonsmuption  shall  be  guilty  of  a  mis- 
demeanor. 

Sec.  2.  All  acts  and  parts  of  acts  inconsistent  or  in  conflict  with  this 
act  are  hereby  repealed. 

Sec.  3.  This  act  shall  take  effect  immediately.  (Act  of  March  18, 
1905.) 

[Statutes  of  California.  1905,  Chap.  CXXXVI.  p.  i:^8.1 

AN  AiTT  To  amend  the  penal  coile  of  the  State  of  California  hy  adding  a  new 
section  thereto,  to  l>e  nimibere<l  scH'tion  877c.  making  it  a  misdemeanor  to 
refuse  or,  neglect  to  conform  to  the  rules,  orders,  and  regulations  of  tlie  State 
board  o^  health,  concerning  the  iwllution  of  ice  used  or  inteudiMl  for  |>ublic 
consumption. 

Sec.  1.  A  new  section,  to  l)e  numbered  377c,  is  hereby  added  to  the 
penal  code  of  the  State  of  California,  to*  read  as  follows: 

377c.  Any  person  who  shall  violate,  or  refuse  or  neglect  to  conform 
to  any  sanitarj^  rule,  order,  or  regulation  prescrilnHl  by  the  State 
board  of  health  for  the  prevention  of  (he  pollution  of  ice  or  the  sale 
or  disposition  of  polluted  ice  offered,  kept,  or  intended  for  public  use 
or  consumption,  shall  be  guilty  of  a  misdemeanor. 

Sec.  2.  All  acts  and  parts  of  acts  inconsistent  or  in  conflict  with  this 
act  are  hereby  repealed. 

Sec.  3.  This  act  shall  take  effect  innnediately.  (Act  of  March  18, 
1905.)  J 


(Mttlt*  Annotottd  8tfttates»  1891,  p.  MO.] 

Sec.  1376.  PMuiHng  streams-'-penalty. — ^If  any  person  or  p^raon. 
diall  hereafter  throw  or  disdmrge  into  any  stream  of  running  water 
or  into  any  ditch  or  flume  in  this  State  any  obnoxious  substance,  suck 
as  refuse  matter  fr(»n' slaughterhouse  or  privy,  or  slops  frcmi  eating 
houses  or  saloons,  or.  any  other  fleshy  or  vegstBhle  matter  which  is 
subject  to  decay  in  the  water,  sudi  parson  or  perscms  shall,  up<Hi  am- 
Tiotion  thereof,  be  punished  by  a  fine  not  less  than  <me  hundred  dol- 
lars nor  more  than  five  hundred  dollars  for  eadi  and  every  offense  » 
committed. 

Ssa  1357  provides  a  p^ialty  not  exceeding  five  hundred  dollars  lor 
anyone  ^^  who  shall  in  anywise  poUute  or  obstruct  any  water  comaB^ 
lake,  pond,  marsh,  or  common  sewer,  (xr  continue  such  obstrudaou  « 
pollution  80  4BU3  to  render  the  same  offensive  cur  unwholesome,''  Ac. 

Ssa  8880  (p.  1861).  Emptumg  ml  inio  the  waters  af  the  State  a 
misdemeanor — penalty. 

AN  ACT  To  lyrohibit  the  emptyiiig  or  mnnlng  Gt  oH  or  petroleom,  or  other  ole- 
aginoue  aabstance  into  any  watera  of  this  StKte,  and  to  Unpoae  a  penalty  for 
the  yiolaticm  of  tiiia  act  .  ' 

(Lftws,  1888,  p.  287,  an^roTed  March  7,  1889,  ta  font  Jwtm  7,  1888.1 

If  any  person  or  persons,  corporation  or  corporations  shall  hereafter 
empty  or  cause  to  be  emptied,  or  allow  the  emptying  or  flowing  of 
oil,  petroleum,  or  other  oleaginous  substance  into  any  of  the  waters 
of  this  State,  or  deposit  or  cause  the  same  to  be  deposited  at  such 
distance  that  the  same  may  be  carried  into  such  waters  by  natural 
causes,  such  person  or  persons,  corporation  or  corporations  so  offend- 
ing shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction 
thereof  shall  be  punished  by  a  fine  not  exceeding  one  thousand  dol- 
lars, or  imprisonment  in  the  county  jail  not  exceeding  six  months,  or 
both  such  fine  and  imprisonment,  for  each  such  offense. 

ILLINOIS. 
[Hurd'8  Revised  Statutes,  1901,  sec.  202,  p.  627.1 

Whoever  willfully  and  maliciously  defiles,  corrupts,  or  makes  im- 
pure any  spring  or  other  source  of  water  or  reservoir  *  *  ♦ 
shall  be  fined  not  exceeding  one  thousand  dollars  or  confined  in  a 
county  jail  not  exceeding  one  year. 

Page  631,  section  221,  makes  it  a  public  nuisance — 
1.  To  cause  or  suffer  the  carcass  of  any  animal  or  any  offal,  filth, 
or  noisome  substance  to  be  collected  or  deposited  or  to  remain  in  any 
place  to  the  prejudice  of  others. 
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2.  To  throw  or  deposit  any  offal  or  other  offensive  matter,  or  any 
carcass  of  any  dead  animal,  in  any  water  course,  lake,  pond,  spring, 
well,  or  common  sewer,  street,  or  public  highway. 

3.  To  corrupt  or  render  unwholesome  or  impure  the  water  of  any 
spring,  river,  stream,  pond,  or  lake  to  the  injury  or  prejudice  of 
others. 

INDIANA. 

[Borns's  Annotated  Statutes,  1904.] 

Sec.  2156.  Nuisance  by  dead  animals. — Whoever  puts  the  carcass 
of  any  dead  animal  or  the  offal  from  any  slaughterhouse  or  butcher's 
establishment,  packing  house,  or  fish  house,  or  any  spoiled  meats  or 
spoiled  fish,  or  any  putrid  animal  substance,  or  the  contents  of  any 
privy  vault  upon  or  into  any  river,  pond,  canal,  lake,  public  ground, 
market  place,  common,  field,  meadow,  lot,  road,  street,  or  alley,  and 
whoever,  being  the  owner  or  occupant  of  any  such  place,  knowingly 
permits  any  such  thing  to  remain  therein  to  the  annoyance  and  injury 
of  any  of  the  citizens  of  the  State,  or  neglects  or  refuses  to  remove  or 
abate  the  nuisance  occasioned  thereby  within  twenty-four  hours  after 
knowledge  of  the  existence  of  such  nuisance  upon  any  of  the  above 
described  premises  owned  or  occupied  by  him,  or  after  notice  thereof, 
in  writing,  from  any  health  officer  of  the  city  or  the  trustee  of  the 
township  in  which  such  nuisance  exists,  shall  be  fined  not  more  than 
one  hundred  dollars  nor  less  than  one  dollar. 

Sec.  2169.  Whoever  maliciously  or  mischievously  puts  any  dead 
animal  carcass  or  part  thereof  on,  or  any  other  putrid,  nauseous, 
noisome,  or  offensive  substance  into,  *  *  *  or  in  any  manner 
befouls  any  well,  cistern,  spring,  brook,  canal,  or  stream  of  running 
water,  or  any  reservoir  of  waterworks  of  which  any  use  is  made  or 
may  be  made  for  domestic  purposes  shall  be  fined  not  more  than  one 
hundred  dollars  nor  less  than  five  dollars,  to  which  may  be  added 
imprisonment  in  the  county  jail  not  more  than  sixty  days  nor  less 
than  ten  days. 

(The  foregoing  section  is  repealed  by  the  act  of  1905  hereafter 
quoted.) 

Sec.  3538.  Streams  and  ferries, — The  common  council  shall  have 
exclusive  power  to  keep  open  streams,  and  preserve,  and,  if  necessary 
and  expedient,  change  the  course  of  rivers  passing  through  or  border- 
ing upon  the  corporate  limits  of  such  city;  to  prevent  encroachment 
or  injury  to  the  banks  thereof,  or  the  casting  into  the  same  of  offal, 
dead  animals,  logs,  or  rubbish.     *     *     * 
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[Aets  0f  1901,  Chap.  LXI,  p.  M.] 

AN  AOT  prohibiting  the  discharge  of  waste  water  and  refuse  of 
establishments  into  streams  of  water,  conferring  certain  powers 
State  board  of  health  in  such  cases,  providing  p^ialtles  for  tbe 
thereof,  and  dedaring  an  emergency. 

Section  1.  Be  it  enacted  by  the  generai  assembly  of  the  State 
Indiana^  That  it  shall  be  unlawful  for  any  person,  firm,  or 
tion  owning  or  operating  any  manufacturing  establidunent  to 
charge  or  permit  to  be  discharged  into  any  stream  of  water  any 
water  or  refuse  fnmi  said  factory  of  such  character  as  to  poUutd 
stream,  except  by  and  in  pursuance  to  a  written  permission  so  to 
first  obtained  from  the  State  board  of  health  as  hereinafter 

Sec.  2.  Whenever  any  person,  firm,  or  corporation  owning 
operating  a  manufticturing  establishment  shall  file  with  the  secff^ 
tary  of  the  State  board  of  health  a  verified  application  in  writing 
asking  permission  to  be  allowed  to  disdiarge  into  any  stream  anj 
waste  water  or  refuse  from  such  establishment,  and  showing  therein 
that  the  water  of  said  stream  is  at  such  stage  as  that  such  refuse  or 
waste  water  may  be  safely  discharged  into  such  stream  without 
injury  to  the  public,  it  shall  be  the  duty  of  such  board  to  inspect  the 
6aid  stream  at  and  below  the  point  of  such  proposed  discharge,  and 
if  it  is  found  that  such  refuse  and  waste  water  may  be  safdy  dis- 
charged therein  without  injury  as  aforesaid,  the  said  board  may,  in 
its  discretion,  grant  and  issue  a  written  permit  allowing  such  dis- 
charge into  said  stream  for  a  time  to  be  limited  therein,  which  per- 
mit shall  l)e  void  and  of  no  effect  after  the  time  so  fixed,  and  may  he 
revoked  by  said  board  at  any  time.  The  holder  of  any  such  permit 
regularly  issued  by  such  board  shall  be  authorized  to  discharge  any 
such  refuse  or  waste  water  into  such  stream  during  the  time  fixed 
and  limited  in  such  permit,  and  shall  not  be  liable  therefor  in  any 
suit  at  law  or  in  equity:  Provided^  That  nothing  herein  contained 
shall  prevent  any  person  specially  damaged  by  any  such  discharge 
from  recovering  the  amount  of  such  special  damages  so  sustained  in 
an  action  at  law  brought  for  such  purpose. 

Sec.  3.  Any  person,  firm,  or  corporation  violating  any  of  the  pro- 
visions of  this  act  shall  he  fined  in  any  sum  not  less  than  twenty-five 
dollars  nor  more  than  five  hundred  dollars. 

Sec.  4.  Whereas  an  emergency  exists  for  the  immediate  taking 
effect  of  this  act,  the  same  shall  be  in  force  on  and  after  its  passage. 

[Laws  of  inon,  chap.  100,  p.  584.] 

Sec.  553.  Befouling  water, — AAHioever  maliciously  or  mischievously 
puts  any  dead  animal,  carcass,  or  part  thereof,  or  any  other  putrid, 
nauseous,  noisome,  or  offensive  substance  into,  or  in  any  manner  be- 
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ouls  any  well,  cistern,  spring,  brook,  canal,  or  stream  of  running 

i^rater,  or  any  reservoir  of  waterworks,  of  which  any  use  is  or  may 

made  for  domestic  purposes,  shall,  on  conviction,  be  fined  not  less 

^Jian  five  dollars  nor  more  than  one  hundred  dollars,  to  which  may 

ye  added  imprisonment  in  the  county  jail  not  less  than  ten  days  nor 

cnorc  than  sixty  days. 

Sec.  689.  Repeal, — All  laws  within  the  purview  of  this  act  are 
hereby  repealed;  but  this  repeal  shall  not  affect  any  prosecutions 
pending  or  offenses  heretofore  committed  under  existing  laws,  and 
such  prosecutions  and  offenses  shall  l)e  continued  and  prosecuted 
to  a  final  determination,  as  if  this  act  had  not  passed;  nor  shall 
this  repeal  affect  the  enforcement  of  any  fine  or  penalty  or  other  pun- 
ishment provided  as  a  punishment  for  the  violation  of  any  civil 
statute;  nor  shall  this  act  be  construed  to  repeal  any  act  passed  at 
this  .seasion  of  the  general  assembly. 
(Approved  March  9,  1905.) 

MAINE. 

(Laws  of  1891,  chap.  82,  p.  67.] 

AN  ACT  to  protect  waters  used  for  domestic  purposes. 

Sec.  1.*  Whoever  knowingly  and  willfully  poisons,  defiles,  or  in 
any  way  corrupts  the  waters  of  any  well,  spring,  brook,  lake,  pond, 
river,  or  reservoir  used  for  domestic  purposes  for  man  or  beast,  or 
knowingly  corrupts  the  sources  of  the  water  supply  of  any  water 
company  or  of  any  city,  town,  or  municipal  corporation  supplying 
its  inhabitants  with  water,  or  the  tributaries  of  said  sources  of  sup- 
ply, in  such  manner  as  to  affect  the  purity  of  the  water  so  supplied, 
or  knowingly  defiles  such  water  in  any  manner,  whether  the  same 
be  frozen  or  not,  or  puts  the  carcass  of  any  dead  animal  or  other 
offensive  material  into  said  waters  or  upon  the  ice  thereof,  shall  be 
punished  by  a  fine  not  exceeding  one  thousand  dollars  or  by  impris- 
onment not  exceeding  one  year. 

Sec.  2.  Whoever  shall  wilfully  injure  any  of  the  property  of  any 
water  company  or  of  any  city,  town,  or  municipal  corporation  used  by 
it  in  supplying  water  to  its  inhabitants  shall  be  punished  by  a  fine  not 
exceeding  one  thousand  dollars  or  by  imprisonment  not  exceeding  one 
year,  and  such  person  shall  also  forfeit  and  pay  to  such  water  com- 
pany, city,  or  town  three  times  the  amount  of  actual  danuiges  sus- 
tained, to  be  recovered  in  an  action  of  the  case.  (As  amended  by  the 
laws  of  1905,  Chap.  93,  p.  97.) 

Sec.  3.  Inconsistent  acts  repealed. 


•  As  amended  by  laws  of  1905,  chap.  97,  p.  100. 


[Laws  of  1903,  Bpedftl  Laim,  dia^  94,  p.  isa) 
AN  ACT  to  prevent  tlie  pollution  of  ^  wat»s  of  Setieco  Lake. 

Sec.  1.  No  person  or  corporation  shall  use  or  occupy  any  stmctma 
hereafter  built  upon  or  near  the  shores  of  Sebago  Liake,  in  the  oomil; 
of  Cumberland,  or  upon  any  of  the  islands  of  said  lake  for  sudi  pur- 
poses or  in  such  manner  that  the  sewi^  or  drainage  th^i^from  diaU 
enter  the  waters  of  said  lake  or  pollute  the  same. 

Sec.  2.  No  sewage,  drainage,  refuse,  or  polluting  maUer  of  sod 
kind  and  amount  as  either  by  itself  or  in  connecticm  with  other  malr 
ter  will  corrupt  or  impair  ib»  quality  of  the  water  of  said  Sebago 
Lake  or  render  it  injurious  to  health  diiall  be  discharged  into  said 
lake,  but  nothing  herein  shall  prohibit  the  cultivation  and  use  of  the 
soil  in  the  ordinary  mdhods  of  agriculture  if  no  human  excrement  is 
used  thereon  within  three  hundred  feet  of  the  ^ores  of  said  lake. 

Sec.  8.  The  supreme  judicial  court  dhall  have  jurisdiction  in  equity 
to  enjoin,  prevent,  or  restrain  any  violation  of  tiie  provisions  of  this 
act 

Sec.  4.  This  act  shall  take  effect  when  approved. 

Approved  February  26,  1908. 

MARTUIKD. 

[Poe*8  Maryland  Code,  adopted  March  14,  188S.1 

RIVEBS. 

Sec.  240.  If  any  ballast,  ashes,  filth,  earth,  soil,  oysters,  or  oyster 
shells  be  taken,  unladen,  or  cast  out  of  any  ship,  steamboat,  scow, 
pungy,  or  other  veasel,  on  any  pretense  whatever,  in  the  Chesapeake 
Bay  above  "  Sandy  Point,"  or  in  the  waters  of  Herring  Bay,  or  in  any 
river,  creek,  or  harbor  within  this  State,  below  high-water  mark,  the 
master  or  other  person  having  charge  of  such  vessel  shall,  upon  con- 
viction thereof,  be  fined. 

Waters  of  Potomac  River  above  the  canal  dam  near  the  mouth  of 
Wills  Creek  are  protected  by  section  242  against  pollution  calculated 
to  render  the  waters  of  said  river  "  impure  or  unfit  for  use." 

WATEB    SUPPLY — POLLUTION    OF    SOUBCES    OF. 
[Passed  In  1886,  chap.  6.] 

Sec.  277.  If  any  person  shall  put,  or  cause  to  be  placed,  any  dead 
animal  or  part  of  the  carcass  of  any  dead  animal,  or  any  decayed  or 
filthy  animal  or  vegetable  matter,  into  any  stream,  or  the  tributary 
of  any  stream,  well,  spring,  reservoir,  pond,  or  other  source  from 
which  water  or  ice  is  drawn,  taken,  or  used  for  drinking  or  domestic 
purposes,  or  shall  knowingly  suffer  any  sewage,  washings,  or  other 
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offensive  matters  from  any  privy,  cesspool,  factory,  trades  establish- 
ment, slaughterhouse,  tannery,  or  other  place  over  which  he  shall 
have  control,  to  flow  therein,  or  into  any  drain  or  pipe  communicating 
therewith,  whereby  the  water  supply  of  any  city,  town,  village,  com- 
munity, or  household  is  fouled  or  rendered  unfit  for  drinking  and 
domestic  purposes,  he  shall  be  guilty  of  a  misdemeanor  and  shall, 
upon  conviction  thereof  in  a  court  of  competent  jurisdiction,  be  fined 
not  more  than  two  hundred  dollars  for  every  such  offence ;  and  after 
reasonable  notice,  not  exceeding  fifteen  days,  from  the  State  board  of 
health,  or  any  local  sanitary  authority,  to  discontinue  the  act  whereby 
such  w^ater  supply  is  fouled,  a  further  sum  of  not  more  than  fifty 
dollars  for  every  day  during  which  the  offence  is  continued. 

MISSOURI. 

[Revised  Statutes,  1899.] 

CBIMES   AND  PUNISHMENTS.- 

Sec.  2234.  Putting  d^ead  animah  in  well^  c&e. — If  any  person  or 
persons  shall  put  any  dead  animal,  carcass,  or  part  thereof,  the  offal, 
or  anyother  filth  into  any  well,  spring,  brook,  branch,  creek,  pond,  or 
lake,  every  person  so  offending  shall,  on  conviction  thereof,  be  fined 
in  any  sum  not  less  than  ten  nor  more  than  one  hundred  dollars.  If 
any  person  shall  remove,  or  cause  to  be  removed  and  placed  *  *  * 
in  any  of  the  streams  and  water  courses  other  than  the  Missouri  or 
Mississippi  River,  any  dead  animal,  carcass,  or  part  thereof,  or  other 
nuisance,  to  the  annoyance  of  the  citizens  of  this  State,  or  any  of 
them,  every  person  so  offending  shall,  upon  conviction  thereof,  be 
fined  for  every  such  offence  any  sum  not  less  than  ten  dollars  nor 
more  than  fifty  dollars,  and  if  such  nuisance  be  not  removed  within 
three  days  thereafter,  it  shall  be  deemed  a  second  offence  against  the 
provisions  of  this  section. 

Sec.  2235,  Corrupting  or  diverting  water  supply, — Whoever  will- 
fully or  maliciously  poisons,  defiles,  or  in  any  way  corrupts  the  water 
of  a  well,  spring,  brook,  or  reservoir  used  for  domestic  or  municipal 
purposes,  or  whoever  willfully  or  maliciously  diverts,  dams  up,  and 
holds  back  from  its  natural  course  and  flow  any  spring,  brook,  or 
other  water  supply  for  domestic  or  municipal  purposes,  after  said 
water  supply  shall  have  once  been  taken  for  use  by  any  person  or 
persons,  corporations,  town,  or  city  for  their  use,  shall  be  adjudged 
guilty  of  a  misdemeanor  and  punished  by  a  fine  not  less  than  fifty 
nor  more  than  five  hundred  dollars,  or  by  imprisonment  in  the  county 
jail  njt  exceeding  one  year,  or  by  both  such  fine  and  imprisonment,  . 
and  shall  be  liable  to  the  party  injured  for  three  times  the  actualfl 
damage  sustained,  to  be  recovered  by  suit  at  law.  iV 


Sbc.  1974.  Injury  to  sehodkauies  and  ehureh  huSdmffa.—'Ew 
perscm    *    *    *    who  shall  in  any  manner  pcdlute  the  water 
tained  in  any  well,  cistern,  or  reservoir  (in  which  water  is , 
or  kept  for  tihe  supply  of  a  ^dioolhouse  or  those  attending  the  i 
shall  be  guilty  of  a  misdemeani»r. 

CSectloii  28  of  HooM  Mil  No.  15,  laws  of  IfNKI,  |».  168.] 

AN  AOr  rdUtttng  to  ttie  prcBCTYatton,  inv^iagfttioii,  and  ivroteetioD  of  ^ 
mala,  birds,  and  fish ;  creatliig  tbe  office  oi  game  and  fish  warden ;  cmtii^  t| 
game  protection  fond,  and  appropriating  money  tlierefirom. 

SBa  28.  It  shall  be  unlawful  for  any  person  or  per»»is,  finn,  or 
corporation  to  suffer  or  permit  any  dyestuff,  coal  tar,  oil,  sawdust, 
poison  or  deleterious  substances  to  be  thrown,  run,  or  drained  iiilo 
any  of  the  waters  of  this  State  in  quantities  sufficient  to  injmei 
stupefy,  or  kill  fish  which  may  inhabit  the  same  at  or  bdow  the  point 
where  any  such  substances  are  discharged  or  permitted  to  flow  or 
thrown  into  such  waters.  Any  perscm  or  persons,  firm,  or  corporatKii 
offending  against  any  of  the  provisions  of  this  section  shall  be  deemed 
guilty  of  a  misdemeanor,  and  upon  ccmviction  shall  be  fined  not  less 
than  $200.00  nor  more  than  $500.00  for  eadi  offense. 

Approved  March  10,  1905. 

NEVADA. 

[General  Statutes  of  Nevada.] 

Sec.  4617.  (Crimes  and  punishments,  sec.  54.)  *  *  *  Every 
person  who  shall  willfully  poison  any  spring,  well,  or  reservoir  of 
water  shall,  upon  conviction  thereof,  be  pimished  by  imprisonment 
in  the  State  prison  for  a  term  not  less  than  one  nor  more  than  ten 
years. 

Sawdust  in  rivers. — It  is  made  a  misdemeanor  to  deposit  sawdust 
in  or  on  the  waters  of  any  lake,  river,  or  running  strej*.m  by  laws  of 
1889,  page  24,  Chapter  XV. 

[Laws  of  Nevada,  1903,  Chap.  CXXII,  p.  214.] 

AN  ACT  to  prevent  the  iK)nution  or  contain luation  of  the  waters  of  the  lakes, 
rivers,  streams,  and  ditches  in  the  State  of  Nevada,  prescrihing  penaltic*s,  and 
malting  an  ai)i)ropriatlon  to  carry  out  the  provisions  of  this  act.  (Approved 
March  20,  1903.) 

The  people  of  the  State  of  Nevada^  represented  in  senate  and  assem- 
bly^ do  enact  as  follows : 

Section  1.  Unlawful  to  pollute  any  body  of  water, — Any  person  or 
persons,  firm,  company,  corporation,  or  association  in  this  State,  or 
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the  managing  agent  of  any  person  or  persons,  firm,  company,  corpo- 
ration, or  association  in  this  State,  or  any  duly  elected,  appointed,  or 
lawfully  created  State  officer  of  this  State,  or  any  duly  elected, 
appointed,  or  lawfully  created  officer  of  any  county,  city,  town, 
municipality,  or  municipal  government  in  this  State,  who  shall  de- 
posit, or  who  shall  permit  or  allow  any  person  or  persons  in  their 
employ  or  under  their  control,  management,  or  direction  to  deposit 
in  any  of  the  waters  of  the  lakes,  rivers,  streams,  and  ditches  in  this 
State  any  sawdust,  rubbish,  filth,  or  poisonous  or  deleterious  sub- 
stance or  substances  liable  to  affect  the  health  of  persons,  fish,  or  live 
stock,  or  place  or  deposit  any  such  deleterious  substance  or  substances 
in  any  place  where  the  same  may  be  washed  or  infiltered  into  any  of 
the  waters  herein  named,  shall  be  deemed  guilty  of  a  misdemeanor, 
and  upon  conviction  thereof  in  any  court  of  competent  jurisdiction 
shall  be  fined  in  any  sum  not  less  than  fifty  dollars  nor  more  than 
five  hundred  dollars,  exclusive  of  court  costs:  Provided^  That  in 
cases  of  State  institutions,  numicipalitie^,  towns,  incorporated  towns 
or  cities,  when,  owing  to  the  magnitude  of  the  work,  immediate  cor- 
rection of  the  evil  is  impracticable,  then  in  such  cases  the  authorities 
shall  adopt  all  new  work,  and  as  rapidly  as  possible  reconstruct 
the  old  systems  of  drainage,  sewerage,  and  so  as  to  conform  with  the 
provisions  of  this  act:  And  pro  folded  further^  That  all  such  new  and 
reconstructed  systems  shall  be  completed  within  four  years  from  the 
date  of  passage  hereof :  Proinded^  That  nothing  in  this  act  shall  be  so 
construed  as  to  permit  mining  or  milling  companies  to  dump  tailings 
directly  into  any  stream  in  this  State  so  as  to  prevent  or  impede  the 
natural  flow  of  such  stream.  Nothing  in  this  act  shall  be  so  construed 
as  to  apply  to  any  quartz  mill  or  ore  reduction  works  in  this  State. 

Sec.  2.  For  the  purposes  of  this  act  the  word  ''  ditch  "  shall  be  con- 
strued to  mean  any  ditch,  canal,  channel,  or  artificial  waterway  used 
for  carrying  or  conducting  water  into  any  reservoir  from  which  it 
may  be  used  or  distributed  for  domestic  purposes  to  any  person  in  this 
State,  or  to  any  person  in  any  county,  city,  town,  or  municipality  in 
this  State. 

Sec.  3.  The  sum  of  three  thousand  dollars  is  hereby  appropriated 
out  of  any  money  in  the  State  treasury,  not  otherwise  appropriated, 
subject  to  the  disposal  of  the  governor  of  this  State,  for  the  purpose 
of  enforcing  the  provisions  of  this  act,  either  in  the  courts  of  this 
State  or  in  the  courts  of  the  United  States,  such  expenditure  to  be 
allowed  and  paid  as  other  claims  against  the  State  are  allowed  and 
paid. 

Sec.  4.  This  act  shall  take  effect  and  1m»  in  force  from  and  after  the 
first  day  of  July,  A.  D.  nineteen  hundred  and  four. 


wiinm  mis  xerruory,  so  as  lo  renaer  me  same 
offensive  or  dangerous  to  the  health  of  the  inhabit 
munity  or  of  any  person  having  the  right  to  use  ; 
same,  for  drinking  or  domestic  purposes,  or  that 
waters  unfit  or  dangerous  for  watering  stock,  or  fc 
horticultural  purposes. 

Sec.  55.  That  the  polluting  of  waters  in  any  of  tl 
specified  is  hereby  declared  to  be  a  public  nuisanc 
immediately  removed  by  the  person  or  persons  ci 
upon  the  demand  of  any  public  officer  or  of  any  p 
who  may  have  a  right  to  the  use  of  said  waters. 

Sec.  56,  That  any  pei'son  or  persons  violating  any 
of  sec.  54  may  be  tried  therefor  before  any  justice  o 
county  where  the  offence  is  committed,  and  upon  c 
shall  be  punished  by  a  fine  in  any  sum  not  less  tha 
more  than  one  hundred  dollai>>,  or  by  imprisonment 
for  any  period  of  time  not  less  than  ten  days  nor 
days,  or  by  both  fine  and  imprisonment.  And  in  ad 
justice  of  the  peace  shall  direct  the  sheriff  of  the  a 
stable  of  the  precinct  to  relieve  such  nuisance,  at  tl 
person  or  persons  creating  the  same,  which  said  i 
taxed  as  other  costs  against  the  person  or  persons  : 
shall  be  collected  in  the  manner  provided  by  law  foi 
costs  in  criminal  cases. 

[Laws  of  1899,  chap.  79,  p,  175.] 
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cans,  paper,  ashes,  bones,  or  other  garbage  into  any  running  stream, 
spring,  lake,  pond,  reservoir,  ditch,  or  water  course,  or  to  run  or  empty 
any  sewer  or  other  foul  substance  into  the  same,  or  in  any  other  man- 
ner or  means  to  pollute  or  foul  the  said  water  so  as  to  render  the  same 
offensive  or  dangerous  to  the  health  of  the  inhabitants^  of  any  com- 
munity or  of  any  person  having  the  right  to  use  the  same  for  drink- 
ing or  domestic  purposes,  or  that  may  render  said  waters  uiTfit  or 
unhealthy  for  watering  stock.  But  it  shall  l>e  the  duty  of  every 
person,  outside  of  incorporated  towns,  cities,  or  villages,  to  destroy  all 
domestic  refuse  and  garbage  by  burning  the  same;  any  \nolation  of 
this  section  shall  be  considered  a  misdemeanor  and  punished  as  pro- 
vided by  law. 

Sec.  2.  All  acts  and  parts  of  acts  in  conflict  herewith  are  hereby 
repealed ;  and  this  act  shall  take  effect  from  and  after  its  passage. 

[lAWs  of  19CI3,  chap.   21,  p.  32.] 

AN  ACT  to  prevent  injurj*  to  (iitclie«.  i»ii>e  lines,  reservoirs,  and  the  taking  of 
and  l)efouling  of  water  therefrom.     (Ai»i»roved  March  10th.  1003.) 

Be  it  enacted  by  the  legwlatlre  a^Hejuhhj  of  the  Territory  of  New 
Mexico: 

Section  1.  Any  person  who  shall  wilfully  and  maliciously  cut, 
break,  or  injure,  or  who  shall  by  shooting  or  by  damming  or  obstruc- 
ting the  same  cause  to  break  any  ditch,  flume,  pi|x;  line,  or  reservoir,  or 
any  of  the  attachments  or  fixtures  used  in  connection  therewith,  shall 
be  guilty  of  a  misdemeanor  and  shall  l)e  punished  by  a  fine  of  not 
less  than  ten  dollars  nor  more  than  fifty  dollars,  or  by  confinement 
in  the  county  jail  for  not  more  than  sixty  days,  or  by  both  such  fine 
and  imprisonment,  in  the  discretion  of  the  court  trj'ing  the  case, 
except  in  cases  where  such  pipe  line  or  reservoir  is  used  for  the  pur- 
pose of  supplying  water  to  any  community,  village,  town,  or  city  for 
domestic  purposes,  in  which  event  the  person  committing  such  offence 
shall  be  punished  by  a  fine  of  not  less  than  fifty  nor  more  than  one 
hundred  dollars,  or  by  imprisonment  in  the  county  jail  not  less  than 
thirty  nor  more  than  sixty  days,  or  by  lK)th  such  fine  and  imprison- 
ment in  the  discretion  of  the  court  trying  the  case. 

Sec.  2.  Any  person  who  shall  bathe  in,  or  wilfully  cast  any  filth  in, 
any  reservoir  or  ditch  used  for  supplying  water  for  domestic  use 
shall  \ye^  guilty  of  a  misdemeanor,  and  upon  conviction  shall  be  fined 
not  less  than  ten  dollars  or  not  more  than  twenty-five  dollars. 

Sec.  3.  All  acts  and  parts  of  acts  in  conflict  herewith  are  hereby 
repealed,  and  this  act  shall  take  effect  from  and  after  its  passage. 


NORTH  CASOUNA. 
[North  Carolina  Crimtnal  Code  and  m^emt  (2d  ed.),  p.  48^] 

Sec  500.  Putting  poisonous  substance  in  water  for  the  purpose  of] 
killing  fish  is  forbidden. 

Laws  of  1903,  chapter  246,  page  321,  forbids  tlirowing  sawdust  iiito| 
the  water  courses  of  Yancey  County. 

(Laws  of  North  Caiolliia,  1903,  chap.  169,  p.  182.] 
AN  ACT  to  protect  water  8aiq[iUes. 

Sections  1  to  10,  inclusive,  provide  a  thorough  system  of  inspedkn  | 
and  forbid  any  person  or  corporation  to  supply  water  for  the  puUk  j 
without  taking  the  precautions  therein  prescribed. 

Sections  11  to  17  are  as  follows: 

Sec.  11.  Whoever  defiles,  corrupts,  pollutes  any  well)  spring,  dnin,  j 
branch,  brook,  or  creek,  or  other  source  of  public  water  supply  ii9Bd| 
for  drinking  purposes,  in  any  manner,  or  deposits  the  body  of  a&j  | 
dead  animal  on  the  watershed  of  any  sudi  water  supply,  or  aUovsi 
the  same  to  remain  thereon  unless  the  same  is  buried  with  at  letsfc  i 
two  feet  cover,  shall  be  guilty  of  a  misdemeanor,  and  fined  and  ini-  i 
prisoned,  in  the  discretion  of  the  court 

Sec.  12.  Whoever  shall  collect  and  deposit  human  excreta  on  the  | 
watershed  of  any  public  water  supply  shall  be  guilty  of  amis^i 
meaner,  and  punished  by  fine  and  imprisonment,  in  the  discretion  of 
the  court. 

Sec.  13.  No  person,  firm,  corporation,  or  municipality  shall  flow  or 
discharge  sewage  into  any  drain,  brook,  creek,  or  river  from  which  a 
public  drinking-water  supply  is  taken,  unless  the  same  shall  have 
been  passed  through  some  well-known  system  of  sewage  purification 
approved  by  the  State  board  of  health.  Any  person,  firm,  corpora- 
tion, or  the  officer  of  any  municipality  having  this  work  in  charge, 
who  shall  violate  this  section  shall  be  guilty  of  a  misdemeanor,  and 
the  continued  flow  and  discharge  of  such  sewage  may  be  enjoined  bv 
any  person. 

Sec.  14.  That  all  schools,  hamlets,  villages,  towns,  or  industrial 
settlements  which  are  now  located  or  may  be  hereafter  located  on  the 
shed  of  any  public  water  supply  not  provided  with  a  sewerage  sys- 
tem, shall  provide  and  maintain  a  tub  system  for  collexiting  human 
excrement,  and  provide  for  removal  of  the  same  from  the  watershed 
at  least  twice  each  week.  Every  person,  firm,  corporation,  or  munici- 
pality violating  this  section  shall  be  guilty  of  a  misdemeanor,  and 
fined  or  imprisoned,  in  the  discretion  of  the  court. 

Sec.  15.  No  burying  ground  or  cemetery  shall  l)e  established  on 
the  watershed  of  any  public  water  supply  nearer  than  five  hundred 
yards  of  the  source  of  supply. 
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Sec.  16.  All  water  companies  now  operating  under  charters  from 
the  State  or  municipalities,  which  may  maintain  public  water  sup- 
plies, may  acquire  by  condenmation  such  lands  and  rights  in  land 
-nnd  water  as  are  necessary  for  the  successful  operation  and  protection 
of  their  plants,  said  proceedings  to  be  the  same  as  prescribed  by  chap- 
ter 49,  volume  1,  of  the  Code  of  North  Carolina. 

Sec.  17.  For  carrying  out  the  provisions  of  this  act  the  State  board 
of  health  is  authorized  and  empowered  to  have  the  bacteriological 
examination  made  as  hereinbefore  j>rovided  for,  and  to  charge  for  the 
same  the  sum  of  five  dollars  ($5.00)  for  each  examination. 

[Laws  of  1905,  chap.  41.").  1 
AN  ACT  to  establish  a  State  lalwratorj'  of  hygiene. 

Section  1.  That  for  the  better  protection  of  the  public  health  and 
to  prevent  the  spread  of  communicable  diseases  there  shall  be  estab- 
lished a  State  laboratory  of  hygiene,  the  same  to  be  under  the  control 
and  management  of  the  State  board  of  health. 

Sec.  2.  That  it  shall  be  the  duty  of  the  State  board  of  health  to 
have  made  in  such  laboratory  monthly  examinations  of  samples 
from  all  the  public  water  supplies  of  the  State.  The  board  shall 
also  cause  to  Ix^  made  examinations  of  well  and  spring  waters  when 
in  the  opinion  of  any  county  superintendent  of  health  or  any  reg- 
istered physician  there  is  reason  to  suspect  such  waters  of  being  con- 
taminated and  dangerous  to  health.  The  board  shall  likewise  have 
made  in  this  laboratory  examinations  of  Sputum  in  cases  of  suspected 
tuberculosis,  of  throat  exudates  in  cases  of  suspected  diphtheria,  of 
blood  in  cases  of  suspected  typhoid  and  malarial  fever,  of  faeces  in 
cases  of  suspected  hook-worm  diseases,  and  such  other  examinations 
as  the  public  health  may  require. 

Sec.  3.  For  the  support  of  .the  said  laboratory  the  sum  of  twelve 
hundred  dollars  is  hereby  appropriated  and  an  annual  tax  of  sixty 
dollars,  payable  quarterly,  by  each  and  every  water  company,  munici- 
pal, corporate,  and  private,  selling  water  to  the  people,  said  tax  to 
\ye  collected  by  the  sheriff  as  other  taxes  and  paid  by  said  sheriff 
directly  to  the  treasurer  of  the  State  board  of  health,  and  the  print- 
ing and  stationery  necessary  for  the  laboratory  to  be  furnished  upon 
requisition  upon  the  State  printer. 

Sec.  4.  Section  seventeen  of  chapter  one  hundred  and  fifty-nine 
of  the  law^s  of  one  thousand  nine  hundred  and  three  is  hereby 
repealed. 

Sec.  5.  This  act  shall  be  in  force  from  and  after  its  ratification. 

In  the  general  assembly  read  three  times,  and  ratified  this  4th  df 
of  March,  1905.  i 


OHIO. 
[Bates's  Annotated  Berlaad  Statatea  of  Ohio,  p.  8843.] 

Sbo.  6921.  Nukanee. — ^Whoever    *    *    *    corrupts  or  rendera  8ft-  \ 
wholesome  or  impure  any  water  oourse,  atrwrn,  or  water    ^ 
shall  be  fined  not  more  than  five  hundred  dollars. 

Ssc.6923.  {Unlawful  deposit  of  dead  animdle^  ^#^9  dke^mto  or.j 
i^on  land  or  water.) — ^Whoever  puts  the  carcass  of  any  dead  anmal^  ] 
Wthe  offal  from  any  slau^terhoqse  or  butdier's  estaUak 
jmcking  house,  or  fish  house,  or  any  grpoUed  meat  or  spoiled^fti^or 
any  putrid  substance,  or  the  contents  of  any  privy  vaults,  ujxm  or 
into  any  lake,  river,  bay',  creek,  pond,  canal,  road,  street,  alley,  kt| 
field,  meadow,  public  ground,  market  place  or  oonmion,  and  whoevei^ 
being  the  owner  or  occupant  ol  any  such  place,  knowin^y  permits 
any  such  thing  to  remain  therein,  to  the  annoyuice  of  any  of  tite  citi- 
zens of  this  State,  neglects  or  refuses  to  remove  or  abate  the  nitissnee 
occasioned  thereby,  within  twenty-four  hours  after  knowledge  of  tb 
existence  of  such  nuisance  upon  any  of  tiiie  above-described  pranisea^ 
owned  or  occupied  by  him,  or  after  notice  thereof  in  writing  feon 
any  supervisor,  constable,  trustee,  or  health  officer  of  any  munidptl 
corporation  or  township  in  which  such  nuisance  eadsts,  or  from  a 
county  commissioner  of  such  county,  ishaU  be  fined  not  more  than 
fifty  dollars  nor  less  than  ten  dollars  and  pay  the  costs  of  proseca- 
tion,  and  in  default  of  the  payment  of  said  fine  and  costs  be  impris- 
oned not  more  than  thirty  days;  but  the  provisions  hereinbefore  made 
shall  not  prohibit  the  depositing  of  the  contents  of  privy  vaults  and 
catch-basins  into  trenches  or  pits  not  less  than  three  feet  deep,  exca- 
vated in  any  lot,  field,  or  meadow,  the  owner  thereof  consenting,  out- 
side the  limits  of  any  municipal  corporations,  and  not  less  than  thirty 
rods  distant  from  any  dwelling,  well,  or  spring  of  water,  lake,  bay,  or 
pond,  canal,  run,  creek,  brook,  or  stream  of  water,  public  road  or 
highway:  Provided^  That  said  contents  deposited  in  said  trenches  or 
pits  are  immediately  thereafter  covered  with  dry  earth  to  the  depth 
of  at  least  twelve  inches;  nor  shall  said  provisions  prohibit  the 
depositing  of  said  contents  into  furrows  situate  and  distinct,  as  speci- 
fied for  said  trenches  or  pits,  provided  the  same  are  immediately 
thereafter  wholly  covered  with  dry  earth  by  plowing  or  otherwise: 
And  provided  aho^  That  the  owner  or  occupant  of  the  land  in  which 
said  furrows  are  plowed  consents  and  is  a  party  thereto:  Provided 
also,  That  the  board  of  health  of  any  municipal  corporation  may 
allow  said  contents  to  be  deposited  within  corporate  limits  into 
trenches  or  pits  or  furrows,  situate  distant  and  to  be  covered  as 
aforesaid. 

Sec.  6925.  Emptying  of  coal  dirt,  petroleum,  c&c,  into  lakes^  rivers, 
(&€.,  or  permitting  sam^;  penalty. — Whoever  intentionally  throws  or 


oooiMLLw]  GENERAL   STATUTE   BESTBICTIONS — OHIO,  61 

deposits,  or  permits  to  be  thrown  or  deposited,  any  coal  dirt,  coal 
slack,  coal  screenings,  or  coal  refuse  from  coal  mines,  or  any  refuse  or 
filth  from  any  coal-oil  refinery  or  gas  works,  or  any  whey  or  filthy 
drainage  from  a  cheese  factory,  upon  or  into  any  of  the  rivers,  lakes, 
ponds,  or  streams  of  this  State,  or  upon  or  into  any  place  from  which 
the  same  will  wash  into  any  such  river,  lake,  pond,  or  stream;  or 
whoever  shall,  by  himself,  agent,  or  employe,  cause,  suflfer,  or  permit 
any  petroleum,  or  crude  oil,  or  refined  oil,  or  any  compound  or  mix- 
ture or  other  product  of  such  well,  except  fresh  or  salt  water,  or 
residuum  of  oil  or  filth  from  oil  well,  or  oil  tank,  or  oil  vat,  or  place 
of  deposit,  of  crude  or  refined  oil,  to  run  into,  or  be  poured,  or 
emptied,  or  thrown  into  any  river,  or  ditch,  or  drain,  or  water  course, 
or  into  any  place  from  which  said  petroleum,  or  crude  oil,  or  resid- 
uum, or  refined  oil,  or  filth  may  run  or  wash,  or  does  run  or  wash, 
into  any  such  river,  or  ditch,  or  drain,  or  water  course,  upon  indict- 
ment and  conviction  in  the  county  in  which  such  coal  mines,  coal-oil 
refiner^',  gas  works,  cheese  factory,  oil  well,  oil  tank,  oil  vat,  or  place 
of  deposit  of  crude  or  refined  oil  are  situated,  shall  be  fined  in  any 
sum  not  more  than  one  thousand  dollars  nor  lass  than  fifty  dollars. 

{Fine  and  costs  a  lien;  execution,) — And  such  fine  and  costs  of 
prosecution  shall  be  and  remain  a  lien  on  said  oil  well,  oil  tank,  oil  re- 
finery, oil  vat,  and  place  of  deposit,  and  the  contents  of  said  oil  well, 
oil  tank,  oil  refinery,  oil  vat,  or  place  of  deposit  until  said  fine  and 
costs  are  paid;  and  said  oil  well,  oil  tank,  oil  refinery,  oil  vat,  or  place 
of  deposit,  and  the  contents  thereof,  may  l)e  sold  for  the  payment  of 
such  fine  and  costs  upon  execution  duly  issued  for  that  purpose. 

Sec.  6927.  {Befouling  well^  spnnr/^  rfv-.) — Whoever  maliciously 
puts  any  dead  animal  carcass,  or  part  thereof,  or  any  other  putrid, 
nauseous,  noisome,  or  offensive  substance  into,  or  in  any  manner  be- 
fouls, any  well,  spring,  brook,  or  branch  of  running  water,  or  any 
reservoir  of  waterworks,  of  which  use  is  or  may  be  made  for  domestic 
purposes,  shall  be  fined  not  more  than  fifty  nor  less  than  five  dollars, 
or  imprisoned  not  more  than  sixty  days,  or  both. 

[Laws  of  1004,  house  bill  277,  p.  135.1 

AN  ACT  to  amend  section  24;i3,  Revised  Statutes  of  Ohio,  for  the  puriwse  of 
preventing  the  iK>nutiou  of  water  and  providing  iienalty  therefor. 

Sec.  1.  That  section  2483,  Revised  Statutes  of  Ohio,  be,  and  the 
same  is  hereby,  amended  to  read  as  follows : 

''  Sec.  2433.  The  jurisdiction  of  any  municipal  corporation  to  pre- 
vent the  pollution  of  its  water  supply  and  to  provide  penalty  therefor 
shall  extend  twenty  miles  beyond  the  corporation  limits.     Whoever 
pollutes  any  running  stream,  the  water  of  which  is  used  for  domesti 
purposes  by  any  municipality  by  putting  therein  any  putrid  or  off© 
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give  substance  (otlier  than  fresh  or  salt  water)  injiortaiis  to  heilll 
shall  be  guilty  of  a  misdemeaiKHr,  which  shall  be  pmiidiaMe  by  § 
fine  of  not  less  than  five  or  more  than  five  hundriedl  dailarsw  It  Mt^ 
be  the  duty  of  the  board  of  puUic  service  or  board  of  trustees  of  pdb- 
Uc  affairs  of  any  municipal  corporaticm  to  enforce  tlie  provisioiis  «f 
this  section.'^ 
Sec.  2.  Original  section  2438  is  lierd[>y  repealed. 

ORBQON. 

[B«Uliiger  and  Cotton's  Annotated  Codes  and  Statotes  of  Orsgon,  toL  1»  pu  73Sw] 
<HP  OnMXS  AflAINST  TH8  PUBLIC  WUUnU 

Ssa  21^.  PoUuHrig  with  aewage^  dbc^^  water  far  domestic  U9e  tar 
lawful. — ^Any  person  who  shall  put  any  sewage,  drainage,  or  refuse^ 
or  polluting  matter,  as  either  by  itself  or  in  connection  with  other 
matter  will  corrupt  or  impair  the  quality  of  any  well,  spring,  iMrook, 
creek,  brandi,  or  pond  of  water  whidi  is  used  or  may  be  used  for  do- 
mestic purposes,  shall  be  deemed  guilty  of  misdemeanor.  (Laws 
1886,  p.  110,  sec  1.) 

Ssc.  2129.  Animal  carcass^  <fke,^  unlawful  to  place  in  water  far  do- 
mestic use  or  near  dwelling. — ^If  any  person  diall  put  any  dead  ani- 
mal carcass,  or  part  thereof,  excrement,  putrid,  nauseous,  noisome, 
decajring,  deleterious,  or  offensive  substance  into,  or  in  any  other 
manner  not  herein  named  befouls,  pollutes,  or  impairs  the  quality  of 
any  spring,  brook,  creek,  branch,  well,  or  pond  of  water,  which  is  or 
may  be  used  for  domestic  purposes,  or  shall  put  any  such  dead  ani- 
mal carcass,  or  part  thereof,  excrement,  putrid,  nauseous,  noisome, 
decaying,  deleterious,  or  offensive  substance  within  one-half  mile  of 
any  dwelling  house  or  public  highway,  and  leave  the  same  without 
proper  burial,  or,  being  in  the  possession  or  control  of  any  land,  shall 
knowingly  permit  or  suffer  any  such  dead  animal  carcass,  or  part 
thereof,  excrement,  putrid,  nauseous,  noisome,  decaying,  deleterious, 
or  offensive  substance  to  remain  without  proper  burial  upon  such 
premises,  within  one-half  mile  of  any  dwelling  house  or  public  high- 
way, whereby  the  same  l)ecomes  offensive  to  the  occupants  of  such 
dwelling  or  the  traveling  public,  he  shall  be  deemed  guilty  of  a  mis- 
demeanor.    (1885,  p.  110,  sec.  2.) 

Sec.  2130.  Penalty  for  violating  preecdinr/  provisions  and  jnrisdir- 
tion  to  enforce. — Any  person  violating  the  provisions  of  this  act  shall, 
upon  conviction,  l)e  fined  not  less  than  ten  nor  more  than  fifty  dollars, 
or  be  imprisoned  not  less  than  five  days  nor  more  than  twenty-five 
days,  or  by  both  fine  and  imprisonment.  Justices  of  the  j>eace  shall 
have  jurisdiction  of  offences  committed  against  the  provisions  of  this 
act. 
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-  Sec.  2131.  Polluting  water  nsed  for  domestic  purposes^  or  to  which 
-^live  stock  have  access^  untawfuL — If  any  person  or  persons  shall  put 

any  dead  animal's  carcass,  or  part  thereof,  or  any  excrement,  putrid, 

—  nauseous,  decaying,  deleterious,  or  offensive  substance  in  any  well,  or 
"~:  into  any  spring,  brook,  or  branch  of  running  water,  of  which  use  is 

made  for  domestic  purposes,  or  to  which  any  cattle,  horses,  or  other 
kind  of  stock  have  access,  every  person  so  offending  shall,  on  convic- 
tion thereof,  be  fined  in  any  sum  not  less  than  three  nor  more  than 
fifty  dollars. 

Sec.  '2133.  Animal  carcass^  milairfid  to  put  in  river  or  elsewhere  to 
in}uj*y  of  health, — If  any  person  or  persons  shall  put  any  part  of  the 
carcass  of  any  dead  animal  into  any  river,  creek,  pond,  road,  street, 
alley,  lane,  lot,  field,  meadowy  or  common,  or  if  the  owner  or  owners 
thereof  shall  knowingly  permit  the  same  to  renuiin  in  any  of  the 
aforesaid  places  to  the  injury  of  the  health  or  to  the  annoyance  of  the 
citizens  of  this  State,  or  any  of  them,  every  person  so  offending  shall, 
on  conviction  thereof,  be  fined  in  a  sum  not  less  than  two  nor  more 
than  twenty-five  dollars,  and  every  twenty-four  hours  during  which 
said  owner  may  permit  the  same  to  remain  thereafter  shall  be  deemed 
an  additional  offence  against  the  provisions  of  this  act. 

SOUTH  DAKOTA. 
[Revised  Codes  of  1903,  Penal  Code,  p.  1146.] 

Sec.  445.  Every  person  who  throw^s  or  deposits  any  gas  tar,  or 
refuse  of  any  gas  house  or  factory  into  any  public  waters,  river,  or 
stream,  or  into  any  sewer  or  stream  emptying  into  such  public  waters, 
river,  or  stream,  is  guilty  of  a  misdemeanor. 

Sec.  440.  It  shall  be  unlawful  for  any  person,  persons,  company,  or 
corporation  to  place  or  cause  to  l:)e  placed  any  manure,  butcher's  offal, 
carcasses  of  animals,  or  other  deleterious  substances  into  any  river, 
stream,  or  lake,  in  the  State  of  South  Dakota,  or  upon  the  banks 
thereof  in  such  proximity  that  such  substances  may  be  washed  into 
said  water  or  water  courses. 

Sec.  447.  Any  violation  of  the  provisions  of  this  chapter  is  a  mis- 
demeanor, and  the  person,  persons,  company,  or  corporation  so  vio- 
lating are  deemed  guilty  thereof,  and  upon  conviction  shall  be  liable 
to  a  fine  not  less  than  ten  dollars  nor  more  than  one  hundred  dollars, 
and  in  addition  thereto  such  offending  person  or  persons  shall  be 
subjected  to  imprisonment  in  the  county  jail  for  the  period  of  thirty 
days  unless  he  or  they  cause  such  deleterious  substances  to  l)e  removed. 

Sec.  448.  This  act  shall  not  be  construed  as  to  interfere  with  or 
prevent  any  necessary  or  legitimate  mining  operation  or  sewerage 
system. 
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[Code  of  TtaniMM^  18IM.] 

Sbc.  6869.  It  is  a  public  noisanoe —    ♦    ♦    ♦ 

8.  To  corrupt  or  render  unwholesome  or  impuie  the  water  of  any 
river,  stream,  or  pond  to  the  injury  or  prejudice  of  others. 

Sec.  6520.  If  any  person  place  or  throw  the  dead  body  of  any  ani- 
mal in  any  spring,  well,  cistern,  or  running  stream  of  water  he  is 
guilty  of  a  misd^neanor. 

[IdOS,  chap.  810.  p.  908.] 

Section  1  makes  it  a  misd^neanor  for  ^  any  perscm  to  in  any  way 
wilfully  ^  ^  ^  disturb,  pollute,  contaminate,  or  injure  tlie  wate 
in  the  tanks,  standpipes,  or  reservoirs  of  any  sudi  waterworks  by 
bathing  therein  or  by  any  other  act  or  ads  tending  to  injure  tiis 
water  or  to  make  it  unpalatable,  unwholesome,  cht  unfit  jEor  dooMStie 
or  manufacturing  purposes  of  any  plant  supplying  water  for  domes- 
tic or  manufacturing  purposes,  however  owned.'' 

Ssc.  2.  That  it  shaU  be  a  misdemeanor  for  any  perscm  to  wilfolfy 
corrupt  or  to  permit  anything  to  run  or  fall  into  any  stream  from 
which  water  shall  be  taken  for  the  purpose  of  supplying  water  to  any 
water  plant  such  as  is  referred  to  in  aedion  1  of  this  ncty  and  any 
person  violating  this  section  shall  be  punidied  as  provided  in  section 
1  hereof. 

Act  takes  effect  April  7,  1903,  on  its  pi^ssage. 

TEXAS. 

[White's  Annotated  I*enal  Code  of  Texas,  p.  250.] 

OFFENCES   AFFECTING   PUBUC   HEALTH. 

Art.  424.  If  any  person  shall  in  any  wise  pollute  of  «  [or?]  obstruct 
any  water  course,  lake,  pond,  marsh,  or  common  sewer,  or  continue 
such  obstruction  or  pollution  so  as  to  render  the  same  unwholesome 
or  offensive  to  the  inhabitants  of  the  county,  city,  town,  or  neighbor- 
hood thereabout,  he  shall  be  fined  in  a  simi  not  exceeding  five  hun- 
dred dollars. 

OFFENCES   AGAINST   THE  PERSON. 

Art.  647.  If  any  person  shall  mingle  or  cause  to  be  mingled  any 
other  noxious  potion  or  substance  with  any  drink,  food,  or  medicine, 
with  intent  to  kill  or  injure  any  other  person,  or  shall  wilfully  poison 
or  cause  to  Ix*.  poisoned  any  spring,  well,  cistern,  or  reservoir  of  water 
with  such  intent,  he  shall  be  punished  by  imprisonment  in  the  peni- 
tentiary not  less  than  two  nor  more  than  ten  years. 

<■  So  In  original. 
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UTAH. 

[Revised  Statutes,  p.  910,  Penal  Code:  Public  Health  and  Safety.] 

Sec.  4274.  Befouling  waters, — Any  i)erson  who  shall  either : 

1.  Construct  or  maintain  any  corral,  sheep  pen,  stable,  pigpen, 
chicken  coop,  or  other  offensive  yard  or  outhouse,  where  the  waste  or 
drainage  therefrom  shall  flow  directly  into  the  waters  of  any  stream, 
well,  or  spring  of  water  used  for  domestic  purposes ;  or 

2.  Deposit,  pile,  unload,  or  leave  any  manure  heap,  offensive  rub- 
bish, or  the  carcass  of  any  dead  animal  where  the  waste  or  drainage 
therefrom  will  flow  directly  into  the  waters  of  any  stream,  well,  or 
spring  of  water  used  for  domestic  purposes;  or 

3.  Dip  or  wash  sheep  in  any  stream,  or  construct,  maintain,  or  use 
any  pool  or  dipping  vat  for  dipping  or  washing  sheep  in  such  close 
proximity  to  any  stream  used  by  the  inhabitants  of  any  city,  town,  or 
village  for  domestic  pusposes  as  to  make  the  waters  thereof  impure 
or  unwholesome;  or 

4-  Construct  or  maintain  any  corral,  yard,  or  vat  to  be  used  for  the 
purpose  of  shearing  or  dipping  sheep  within  twelve  miles  of  any  city, 
town,  or  village,  where  the  refuse  or  filth  from  said  corral  or  yard 
would  naturally  find  its  w^ay  into  any  stream  of  water  used  by  the 
inhabitants  of  any  city,  village,  or  town  for  domestic  purposes;  or 

5.  Establish  and  maintain  any  corral,  camp,  or  bedding  place  for 
the  purpose  of  herding,  holding,  or  keeping  any  cattle,  horses,  sheep, 
or  hogs  within  seven  miles  of  any  city,  town,  or  village,  where  the 
refuse  or  filth  from  said  corral,  camp,  or  bedding  place  will  naturally 
find  its  way  into  any  stream  of  water  used  by  the  inhabitants  of 
any  city,  town,  or  village  for  domestic  purposes,  shall  be  guilty  of 
a  misdemeanor. 

[Laws  of  1800,  chap.  45,  p.  6«.l 

Sec.  2.  No  house  refuse,  offal,  garbage,  dead  animals,  decaying 
vegetable  matter,  or  organic  waste  substance  of  any  kind  shall  be 
thrown  on  or  allowed  to  remain  upon  any  street,  road,  ditch,  gutter, 
public*  place,  private  premises,  vacant  lot,  water  course,  lake,  pond, 
spring,  or  well. 

VIRGINIA. 

[Pollard's  General  Laws.  1887-1800.  chap.  72,  p.  44  (Acts  1887-88.  p.  s:n.| 

AN  ACT  to  prevent  the  |M>llutioi)  of  drinking  water  in  this  Stiite.     (Approved 

February  3.  1888.) 

1.  Be  it  enacted  by  the  general  a^iseinbly  of  Virginia^  That  any  per- 
son or  persons  who  shall  knowingly  and  wilfully  throw  or  cause  to 
be  thrown  into  any  reservoir  or  other  receptacle  of  drinking  waterg 
UB  152—05  M 5  \ 
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or  spring,  or  stream  of  running  water  ordinarily  uaed  for  the  sappfy 
of  drinking  water  or  domestic  purposes  of  any  person  or  fanuly, 
town,  or  city  in  this  Commonwealth  the  dead  body  of  any  animal,  or 
shall  drown  and  leave,  or  cause  to  be  drowned  and  left  any  aflimil 
therein  shall  be  guilty  of  a  misdemeanor,  and  upcm  conviction  ibsnd 
shall  be  fined  not  exceeding  one  hundred  dollars  or  impri9(Hied  not 
exceeding  six  months,  or  both,  at  the  discretion  of  the  court  in  whki 
sudi  conviction  is  made. 

[Idem,  p.  115  (Acts  1881-92,  p.  759).] 

AN  ACT  to  prevent  tbe  pollution  of  potable  water  used  for  tbe  supply  of  dtiei 
and  towns.     (Approved  F^l^ary  29,  1892.) 

1.  Be  it  enacted  by  the  general  assembly  of  Virginia^  That  it  shall 
be  unlawful,  except  as  hereinafter  provided,  for  any  person  to  defik 
or  render  impure,  turbid,  or  offensive  the  water  used  for  the  supply 

.  of  any  city  or  town  of  this  State,  or  the  sources  or  streams  used  for 
furnishing  such  supply,  or  to  endanger  the  purity  thereof  by  the  fol- 

^lowing  means,  or  any  of  them,  to  wit,  by  washing  or  bathing  therein, 
or  by  casting  into  any  spring,  well,  pond,  lake,  or  reservoir  frmn  which 
such  supply  is  drawn,  or  into  any  stream  so  used,  or  the  tributtij 
thereof  above  the  point  where  such  supply«is  taken  out  of  sudti  stream 
or  is  impounded  for  the  purposes  of  such  supply,  or  into  any  canal, 
aqueduct,  or  other  channel  or  receptacle  for  water  connected  with 
any  works  for  furnishing  a  public  water  supply,  any  offal,  dead  fish, 
or  carcass  of  any  animal,  or  any  human  or  animal  filth  or  other  foul 
or  waste  animal  matter,  or  any  waste  vegetable  or  mineral  substance, 
or  the  refuse  of  any  mine,  manufactory,  or  manufacturing  process, 
or  by  discharging  or  permitting  to  flow  into  any  such  source,  spring, 
well,  reservoir,  pond,  stream,  or  the  tributary  therex)f,  canal,  aque- 
duct, or  other  receptacle  for  water,  the  contents  of  any  sewer,  privy, 
stable,  or  barnyard,  or  the  impure  drainage  of  any  mine,  any  crude 
or  refined  petroleum,  chemicals,  or  any  foul,  noxious,  or  offensive 
drainage  whatsoever,  or  by  constructing  or  maintaining  any  prin' 
vault  or  cesspool,  or  by  storing  manure  or  other  soluble  fertilizer  of 
an  offensive  character,  or  by  disposing  of  the  carcass  of  any  animal, 
or  any  foul,  noxious,  or  putrescible  substance,  whether  solid  or  fluid 
and  whether  the  same  be  buried  or  not,  within  two  hundred  feet  of 
any  water  course,  canal,  pond,  or  lake  aforesaid,  which  is  liable  to 
contamination  by  the  washing  thereof  or  percolation  therefrom :  Pro- 
vided^ That  nothing  in  this  act  contained  shall  be  construed  to 
authorize  the  pollution  of  any  of  the  waters  of  this  State  in  any  man- 
ner now  contrary  to  law:  A7id  provided  further^  That  this  act  shall 
not  apply  to  streams  the  drainage  area  of  which,  above  the  point 
where  the  water  thereof  is  withdrawn  for  the  supply  of  any  city  or 
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town,  or  is  impounded  for  the  purposes  of  such  supply,  shall  exceed 
fifty  s<iuare  miles. 

2.  That  any  i)erson  knowingly  or  wilfully  violating  the  terms  of 
this  act  shall  l)e  deemed  guilty  of  a  misdemeanor,  and  shall  be  pun- 
ished for  each  offence  by  a  fine  not  exceeding  one  hundred  dollai's  or 
by  imprisonment  not  exceeding  thirty  days,  or  by  both,  at  the  discre- 
tion of  the  court:  Arid  provided  further^  That  nothing  herein  con- 
tained shall  l>e  so  construed  as  to  prevent  the  washing  of  ore  or  min- 
erals in  any  of  the  streams  or  waters  of  this  Commonwealth  other 
than  such  as  may  be  used  for  the  water  supply  of  any  city  or  town. 

3.  This  act  shall  take  effect  fifteen  days  after  its  passage. 

WASHINGTON. 

[BallinKer'H  Annotated  Codes  and  Statutes,  IncludlnK  acts  of  18U7.J 

Nuisances.  Sec.  3085.  It  is  a  public  nuisance: 

♦  ♦  ♦  ♦  *  *  * 

2.  To  throw  or  deposit  any  offal  or  other  offensive  matter,  or  iha 
carcass  of  any  dead  animal,  in  any  water  course,  stream,  lake,  pond, 
spring,  well,  or  common  stiver,  street  or  public  highway,  or  in  any 
manner  to  corrupt  or  render  unwholesome  or  impure  the  water  of 
any  such  spring,  stream,  pond,  lake,  or  well,  to  the  injury  or  preju- 
dice of  others. 

Punishment  provided  in  section  3097. 

[Acts  of  1H»1),  Chap.  LXX,  p.  114:   TrovidinK  for  a  pure  water  aupply. ] 

AN  ACrr  to  preHerve  from  ix)Uiitioii  the  water  Hupplied  to  the  iiihabitnnts  of 
cities  and  towns  in  tlie  State  of  Washington ;  to  declare  wliat  are  nuisances  in 
the  vicinity  of  tiie  sourc<»  of  such  water  suppiy :  providing  for  tlie  abatement 
thereof,  and  for  tlie  punislunent  of  the  violations  of  this  act. 

Be  it  enacted  hy  the  letf'tHlature  of  the  State  of  Wajih'nu/ton : 
Section  1.  That  for  the  j)urpose  of  protecting  the  water  furnished 
to  the  inhabitants  of  towns  and  cities  within  this  State  from  pollu- 
tion, the  said  towns  and  citie.s  are  hereby  given  jurisdiction  over  all 
property  occupied  by  the  works,  resc^rvoirs,  systems,  sj)rings,  branches, 
and  pipes  by  means  of  which,  and  of  all  sources  of  supply  from 
which,  such  cities  or  the  companies  or  individuals  furnishing  water 
to  the  inhabitants  of  such  cities  or  towns  obtain  their  supply  of 
water  or  store  or  conduct  the  same. 

Sec.  '2.  That  the  establishment  or  maintenance  of  any  slaughter 
pen,  stock-feeding  yards,  hogpens,  or  th(»  deposit  or  maintenance  of 
any  uncleanly  or  unwholesome  substance,  or  the  conduct  of  any  busi- 
ness or  occupation,  or  the  allowing  of  any  condition  upon  or  suffi- 
ciently near  the  sources  from  whidh  the  supply  of  water  for  the 


inhabitants  of  any  such  city  or  town  is  obtained,  or.  wbere  such 
water  is  stored,  en*  the  property  or  means  throu^  whidi  the  m 
may  be  conducted  or  ccmveyed,  so  that  such  wai^  would  be  pollidd 
or  the  purity  of  sudi  water  or  any  part  thereof  destaroyed  or  enduh 
gered,  is  herd[>y  prohibited  and  dedared  to  be  unlawful,  and  » 
hereby  declared  to  be  and  constitute  a  nuisance,  and  as  sudi  to  be 
abated  as  other  nuisances  are  abated  under  the  provisions  of  tb 
existing  laws  of  the  State  of  Washington,  or  under  the  laws  whidk 
may  be  hereafter  enacted  in  relation  to  the  abatement  thereof;  asd 
that  any  person  or  persoos  who  shall  do^  establish,  maintain,  or 
create  any  of  the  things  hmbj  prohibited  for  the  purpose  of  or 
which  shall  have  the  effect  of  polluting  any  sudbi  sources  of  witer 
supply  or  water,  or  shall  do  any  of  the  ihings  hereby  declared  to  be 
unlawful,  diall  be  deemed  guilty  of  creating  and  maintaining  t 
nuisance,  and  may  be  prosecuted  therefor,  and  upon  ocmvictka 
thereof  may  be  fined  in  any  sum  not  exceeding  five  hundred  dolhoa 

Sbc.  3.  If  upop  the  trial  of  any  perscm  or  persons  for  the  vidatioB 
of  any  of  the  provisions  of  this  act  such  perstm  or  pcarsona  shall  be 
found  guilty  of  creating  or  maintaining  a  nuisance  as  herdby  defined 
or  of  violating  any  of  the  provisions  of  this  ad;,  it  shall  be  the  dul^ 
of  such  person  or  persons  to  forthwith  abate  such  nuisance,  and  in 
the  event  of  their  failure  so  to  do  within  one  day  aft^  sudi  convic- 
tion, unless  further  time  be  granted  by  the  court,  a  warrant  shall  be 
issued  by  the  court  wherein  such  conviction  was  obtained  directed 
to  the  sheriff  of  the  county  in  which  such  nuisance  exists,  and  the 
sheriff  shall  forthwith  proceed  to  abate  the  said  nuisance,  and  the 
cost  thereof  shall  be  taxed  against  the  party  so  convicted  as  a  part  of 
the  costs  of  such  case. 

Sec.  4.  It  is  hereby  made  the  duty  of  the  city  health  officer,  dty 
physician,  board  of  public  health,  mayor  of  the  city,  or  such  other 
officer  as  may  have  the  sanitary  condition  of  such  city  or  town  iii 
chargt^  to  see  that  the  provisions  of  this  act  are  enforced,  and,  upon 
complaint  being  made  to  any  such  officer,  to  inmiediately  investigate 
the  said  complaint  and  see  if  the  same  shall  apj^ear  to  be  well  founded; 
and  if  the  same  shall  appear  to  be  well  founded,  it  shall  be,  and  is 
hereby,  declared  to  be  the  duty  of  such  officer  to  proceed  and  file  a 
complaint  against  the  person  or  persons  violating  any  of  the  provi- 
sions of  this  act  and  cause  the  arrest  and  prosecution  of  such  person 
or  persons. 

Sec.  5.  That  any  city  sui)plied  with  water  from  any  source  of  sup- 
ply as  hereinbefore  mentioned,  or  any  corporation  owning  water- 
works for  the  puri)ose  of  supplying  any  city  or  the  inhabitants  thereof 
with  water,  in  the  event  that  any  of  the  provisions  of  this  act  are 
being  violated  by  any  person,  Inay,  by  civil  action  in  the  superior 
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court  of  the  proper  county,  have  the  maintenance  of  the  nuisance 
which  polhites  or  tends  to  i)olhite  the  said  water,  as  provided  for  by 
section  2  of  this  act,  enjoined,  and  such  injunction  may  be  perpetual. 

WEST   VIRGINIA. 

[Code  of  West  Virginia,  1891.  p.  933.] 

OFFENCES    AGAINST    PUBLIC    HEALTH — MISDEMEANOR    TO    PUT    DEAD    ANIMALS,    ETC., 
INTO  WATER  USED  FOB  DOMESTIC  PURPOSES. 

If  any  person  or  persons  shall  knowingly  and  willfully  throw  or 
cause  to  be  thrown  into  any  w^ell,  cistern,  spring,  brook,  or  branch  of 
running  w^ater  which  is  used  for  domestic  puri>oses,  any  dead  animal, 
carcass,  or  part  thereof,  or  any  putrid,  nauseous,  or  offensive  sub- 
stance, he  or  they  shall  be  guilty  of  a  misdemeanor,  and  upon  con- 
viction thereof  shall  be  fined  not  less  than  five  dollars  nor  more  than 
one  hundred  dollars,  and  may,  at  the  discretion  of  the  jury,  be  con- 
fined in  the  jail  of  the  county  not  exceeding  ninety  days,  and  shall 
moreover  be  liable  to  the  party  injured  in  a  civil  action  for  damages. 
(Acts  1872-73,  ch.  176.) 

PREVENTING  THE  DEPOSIT  OF  THE  CARCASSES  OF  DEAD  AN1MAI>8  AND  OTHER   NOXIOUS 
MATTER  IN   CERTilTN    WATERS  OF  THE  STATE,   ETC. 

It  shall  be  unlawful  to  put  the  carcass  of  any  dead  animal,  or  the 
oflFal  from  any  slaughterhouse,  butcher's  establishment,  or  packing 
house,  or  sloj)  or  other  refuse  from  any  hotel  or  a  tavern,  or  any 
spoiled  meats  or  spoiled  fish,  or  any  putrid  animal  substance,  or  the 
contents  of  any  privy  vault,  upon  or  into  any  river,  creek,  or  other 
stream  within  this  State,  or  upon  the  surface  of  any  road,  street,  alley, 
city  lot,  public  gi'ound,  market  space,  or  conunon,  or  on  the  surface 
within  one  hutidred  feet  of  any  public  road. 

III.  A  justice  of  the  peace  shall  have  jurisdiction  of  any  offence 
against  the  provisions  of  this  act,  committed  within  his  county.  Any 
such  offence  shall  be  punished  by  a  fine  of  not  le.ss  than  five  or  more 
than  fifty  dollars,  and  the  proceedings  in  the  case,  as  well  as  in  all 
other  cases  under  this  act,  shall  l)e  in  conformity  with  sections  221  to 
230,  inclusive,  or  chapter  50  of  the  Code  of  West  Virginia,  which  sec- 
tions are  hereby  made  apj)licable  to  such  cases.  Upon  a  conviction 
for  any  such  offence  the  accused  must  bury  at  least  three  feet  under 
the  ground,  or  destroy  by  fire,  any  of  the  things  named  in  the  first 
section  which  he  has  placed  in  any  of  the  waters  or  places  named  in 
such  section,  or  which  he  has  knowingly  permitted  to  remain  upon  a 
city  lot,  public  ground,  market  space,  or  common,  contrary  to  the 
provisions  of  the  second  section,  within  twenty-four  hours  after  such 
cx)nviction,  and  if  he  shall  fail  to  do  so,  the  justice  shall  further  fine 
him  not  less  than  ten  nor  more  than  fifty  dollars.    (Acts  1887,  ch.  25.| 
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WIOMING, 

[RKTlsed  Btatutiss,  laSO.] 

L*R1M1C»  AUA1JI»T  TOE  PEItM^N. 

Sbc-  4966.  Pohonmg  jsprmr/^,— Whoever  iwisoius  any  spring,  irdL 
sastern,  or  reR^rvoir  of  water  witli  iiiteiU  to  injure  or  kill  any  hmujui 
teiiig  shall  be  imprisoned  in  the  penitent  in  ry  not  more  than  fourth 

i:nmtH  A<;AiftBT  ifuuLtc  uicaiau  am*  ssamctv^ 

I 

Se«v5114,  PuUing  offenmi'e  »uhsitinr&H  inct'mko^tkujhwaydedmti 

\  7imm/im.^lf  any  person  or  persoits*  !ai>soeiation  of  [jer'Hiniif^  com^ 
lany,  or  i-orporatiou  shnll  deposit,  plnee,  or  put,  nr  eiiuse  to  be  ilepoe- 
ted,  placed,  or  pwt  U(>oii  or  into  any  river,  em^k^  Wy,  pond,  nanal 
liiclh  hdce,  Htreain,  railroiul  piihlie  or  private  mad,  highway,  strwt, 
Ili'V,   !ot,   HeUi,   Tiieadejw,   i>niilir   plsirr   or   piihlie  ground,   eonuw<iM. 
market  plact%  or  in  any  other  jind  dijh*renl  locality  in  tliiK  State, 
Inhere  tlie  ha  me  may  iK-eonii*  a  MMirre  of  an  nova  on*  U\  any  [>erHou  or 
[elrirneiital  lo  the  publie  heuHIi*  tlie  rarcass  of  any  tlead  animal  w 
be  offal  or  refuse^  matter  from  any  slaughterhouse,  huteher'i^  eslab- 
ishnient,  lueut  Tiinrket,  packing'  liniise,  Rsh  house,  hogpen,  si  able,  or 
ny  Hpoileii  nieatn,  spoiled  ttsh,  or  any  animal  or  ve^^lable  matter  in 
»  putrid  or  decayed  state,  or  liable  to  lieeome  putrid,  det^ayed,  or 
offensive,  or  the  contents  of  any  j>rivy  vault,  or  any  offensive  matter 
or  subj^tance  whatever,  or  slnill  ciiu^'  to  be  maintained  anv  privy, 
slaughterhouse*  meat  nuirket,  or  any  other  or  different  plat^,  build- 
ing, or  establishment  that  shall  directly  or  indin^ctly  !k'  the  cans*^  of 
polluting  the  waters  of  any  spring,  reservoii\  stream,  lake,  itv  water 
supply  u^d  wholly  or  partly  for  domestic  pnrp(>ses,  or  if  the  owner 
or  owners,  tenant  or  tenants,  <K'eU]jant  or  m^cupants  of  any  lands  or 
tenements,  dwellings,  or  phu*es  of  business,  or  any  otlier  and  diffeivat 
places  or  localities,  whetht^r  defined  in  this  section  or  not,  shall  know- 
ingly permit  any  of  the  said  offensive  matt  el's  or  substances,  or  any 
other  and  different  offensive  matter  or  substances,  to  remain  in  any 
of  the  aforesaid  places  or  otlier  and  ciifferent  places  or  localities,  or 
shall  permit  any  (»f  tlie  aforesaid  places  to  Ix^  maintained  which  shall 
cause  the  jHiIlution  of  any  stream,  sjiring,  reservoir,  lake,  or  watrr 
supply,  either  dir^^^tly  or  indiiTctly,  in  any  locality,  phiits  or  si  I  na- 
tion in  thiH  State,  to  the  anuoyanee  of  the  citizens  or  residents  of  tlii> 
State,  or  any  of  them,  or  to  the  detriment  of  the  public  health,  or  whe 
shall  ncglci't  or  refuse  to  remove  or  abate  tlic  miisantv,  otrencx%  or 
inconvenience  occasioned  or  caused  thereby  within  twenty- four  haar^ 
after  knowledge  of  the  existence  of  sneh  nuisance,  offence,  or  inroa^ 
venience  in  or  upon  any  of  the  above -described  premises  or  plati"* 
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or  any  other  and  different  place  or  locality,  owned  or  occupied  by 
him  her,  it,  or  they,"  [them?]  or  after  notice  in  writing  from  the 
sheriff,  deputy  sheriff,  or  coroner  of  any  county  in  this  State,  or  the 
constable  of  any  precinct,  or  the  marshal  or  any  of  the  policemen  of 
any  city,  town,  or  village  in  which  such  nuisance  shall  exist,  or  from  any 
peace  officer  in  this  State  of  the  locality  wherein  such  nuisance  shall 
exist,  every  such  person  so  offending  shall  be  guilty  of  a  misdemeanor, 
and  upon  conviction  thereof  shall  be  punished  by  a  fine  of  not  less  than 
ten  dollars  nor  more  than  fifty  dollars,  and  if  such  nuisance  is  not 
abated  within  forty-eight  hours  after  the  same  is  created  or  exists  to 
the  knowledge  of  such  offender,  or  within  forty-eight  hours  after 
said  written  notice  is  given,  such  failure  to  abate  such  nuisance  shall 
be  deemed  a  second  offence  against  the  provisions  of  this  section, 
and  every  like  failure  and  neglect  to  abate  such  nuisance  of  each 
twenty-four  hours  thereafter  shall  be  considered  an  additional  offence, 
and  shall  be  subject  to  a  like  penalty  as  is  herein  provided. 

Sec.  5115.  Abatement  of  nimanee. — Provides  that  officer  shall  re- 
move nuisance,  on  neglect  of  owners  so  to  do,  expenses  collectible  in 
civil  action. 

Sec.  5116.  Throwing  sawdvst  into  streams, — If  any  person  or  per- 
sons who  may  own,  run,  or  have  charge  of  any  sawmill  in  this  State 
shall  throw  or  permit  the  sawdust  therefrom  to  be  thrown  or  placed 
in  any  manner  into  any  river,  stream,  creek,  bay,  pond,  lake,  canal, 
ditch,  or  other  water  course  in  this  State,  such  person  or  persons  shall 
be  liable  to  a  like  penalty  as  is  provided  in  section  5114. 

[Laws  of  Wyoming,  1905,  chap.  31,  p.  25. J 
FISH — POLLUTING    WATERS. 

AN  ACT  To  repefll  section  1  of  chapter  22  of  the  session  laws  of  Wyoming  of 
the  year  A.  D.  1903,  being  an  act  entitletl  "An  act  to  amend  and  reenact  sec- 
tion 2146,  revised  statutes  of  Wyoming,  1899.  relating  to  the  unlawful  taliing 
or  having  in  possession  of  certain  l^inds  of  fish,"  and  to  amend  and  reenact 
section  2148,  revised  statutes  of  Wyoming,  1890,  relating  to  the  unlawful 
placing  of  deleterious  substances,  poisons,  or  explosives  in  the  waters  of  the 
State. 

Sec.  1.  That  section  1,  chapter  22,  of  the  session  laws  of  Wyoming, 
1903,  being  ''An  act  to  amend  and  reenact  section  2146  of  the  revised 
statutes  of  Wyoming,  1899,  relating  to  the  unlawful  taking  or  having 
in  posses.sion  of  certain  kinds  of  fish/'  l)e  and  the  same  is  hereby 
repealed. 

Sec.  2.  That  section  2148  of  the  revised  statutes  of  Wyoming,  1899, 
be  amended  and  reenacted  so  as  to  read  as  follows: 

"  Sec.  2148.  Any  owner  or  owners  of  any  sawmill,  reduction  works, 
smelter,   refining  or   contraction   works,   or   any   of   the   employees 

"  So  In  original.  m 


thereof,  who  diall  throw,  deposit,  or  in  any  way  permit  to  pasB  into 
any  natural  stream  or  lake  wherdji  are  living  fidi^  any  aawdiut, 
chemicals,  or  other  matter  or  substance  that  wiU  t^id  to  drive  awiy 
from  sudi  waters  any  fish  shall  be  deemed  guilty  of  a  TnifwifgnwiiMir 
and  shall  be  fined  not  less  than  tweAty-five  dollars  nor  more  than  one 
hundred  dollars,  or  shall  be  imprisoned  in  the  county  jaif  not  km 
than  thirty  days  nor  more  than  sixty  days.  Any  person  who  ahaB 
kill  in  ^ny  of  .the  waters  of  this  State,  by  use  of  any  poiscm  or  dele- 
terious drug,  or  by  the  use  of  any  explosive  substance,  or  explode  or 
cause  to  be  exploded  any  powdeir,  giant  powder,  hercniles  powderi 
dynamite,  nitroglycerine,  lime  gas,  or  my  other  explosive  snbaliiHft 
lor  the  purpose  of  catching,  killing,  ot  destroying  food  fidi  in  sadt 
waters  shall  be  deemed  guilty  of  a  misdemeanor  and  upon  oonvictioB 
thereof  shall  be  fined  not  less  than  fifty  dollars  nor  mcn^  than  two 
hundred  dollars,  and  shall  be  impriscmed  in  the  county  jail  not  kes 
than  ninety  days  nor  more  than  one  year:  Provided  fur^her^  Tint 
nothing  in  this  title  contained  shall  prevent  the  owner  or  owners  <rf 
any  quartz  mill  or  reduction  works  in  this  State,  now  located  or  to 
be  hereafter  located  upon  any  naturid  stream  or  lake,  frcnn  operatiiig 
or  working  said  quartz  mill  or  redudaon  works,  where  the  aaid  owner 
or  owners  thereof  shall  build  or  cause  to  be  built  a  suitable  dam,  ta 
be  used  in  connection  with  said  quartz  mill  or  redudi<m  woiics,  and 
which  dam  shall  be  so  constructed  as  to  prevent  any  tailings  or  sub- 
stance from  passing  into  the  stream  or  lake  which  will  destroy  or 
drive  away  the  fish  or  any  number  of  them  from  said  stream,  lake, 
or  water." 

Sec.  3.  This  act  shall  take  effect  and  l>e  in  force  from  and  after  its 
passage. 

Approved  February  15,  A.  D.  1905. 

[Chapter  83,  House  bill  No.  87.] 
FISH. 

AN  ACT  to  repeal  section  1  of  chapter  22  of  the  session  laws  of  Wyoming  of 
the  year  A.  D.  1903,  being  an  act  entitled  "An  act  to  amend  and  reenact  sec- 
tion 2146,  revised  statutes  of  Wyoming,  1899,  relating  to  the  unlawful  taking 
or  having  in  i>osse8sion  of  certain  kinds  of  fish,*'  and  to  amend  and  reenact 
section  2148,  revised  statutes  of  Wyoming.  1899,  relating  to  the  unlawful 
placing  of  deleterious  substances,  i)oisons,  or  explosives  in  the  waters  of  tlic 
State. 

Sec.  1.  Repeal  of  see,  7,  ehnp.  2'2^  laws  1903. — That  section  1,  chap- 
ter 22,  of  the  session  laws  of  Wyoming,  1903,  being  "An  act  to  amend 
and  reenact  section  214G  of  the  revised  statutes  of  Wyoming,  1899, 
relating  to  the  unlawful  taking  or  having  in  possession  of  certain 
kinds  of  fish"  be,  and  the  same  is  hereby,  repealed. 
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Sec.  2.  Use  of  explosiues  and  poison. — That  section  2148  of  the 
revised  statutes  of  Wyoming,  1899,  be  amended  and  reenacted  so  as 
to  read  as  follows: 

"  Sec.  2148.  Any  owner  or  owners  of  any  sawmill,  or  any  of  the  em- 
ployees thereof,  who  shall  throw,  deposit,  or  in  any  way  permit  to 
pass  into  any  natural  stream  or  lake  wherein  are  living  fish  any 
sawdust,  or  other  matter  or  substance  that  will  tend  to  drive  away 
from  such  waters  any  fish,  shall  be  deemed  guilty  of  a  misdemeanor. 
and  shall  be  fined  not  less  than  twenty-five  dollars  nor  more  than  one 
hundred  dollars,  or  shall  be  imprisoned  in  the  county  jail  not  less 
than  thirty  days  nor  more  than  sixty  days.  Any  person  who  shall 
kill  in  any  of  the  waters  of  this  State,  by  use  of  any  poison  or  dele- 
terious drug,  or  by  use  of  any  explosive  substances,  or  explode  or 
cause  to  be  exploded  any  powder,  giant  powder,  hercules  powder, 
dynamite,  nitroglycerine,  lime  gas,  or  any  other  explosive  substance 
for  the  purpose  of  catching,  killing,  or  de^stroying  the  food  fish  in 
such  waters,  shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  con- 
viction thereof  shall  be  fined  not  less  than  fifty  dollars  nor  more 
than  two  hundred  dollai*s,  and  shall  be  imprisoned  in  the  county  jail 
not  less  than  ninety  days  nor  more  than  one  year." 

Sec.  3.  This  act  shall  take  effect  and  be  in  force  from  and  after  its 
passage. 

Approved  February  21,  A.  D.  1905. 

CLASS  III.  STATES  WITH  SEVERE  RESTRICTIONS. 

This  group  consists  of  those  States  which  have  adopted  unusual 
and  stringent  methods  to  enforce  the  right  of  their  citizens  to  unpol- 
luted natural  waters.  The  adoption  of  the  legislation  embodied  in 
the  following  pages  under  this  group  indicates  that  the  inhabitants 
of  the  States  in  which  these  laws  have  been  adopted  have  begun  to 
realize  the  immense  harm  which  the  increased  pollution  of  waters, 
owing  to  increase  of  population,  is  doing  to  i)ersons  and  property 
within  their  borders.  It  is  noticeable  that  in  several  of  the  States 
stringent  methods  are  adopted  by  which  j)ollution  by  cities  can  be 
regulated  and  controlled;  while  in  at  least  one  State  (New  Jersey)  a 
system  has  Ikh^u  instituted  which,  carried  to  its  logical  conclusion, 
will  result  in  conveying  all  sewage  matter  from  cities  and  huge  towns 
so  far  beyond -the  borders  of  the  land  as  to  render  it  wholly  inoffen- 
sive or  in  some  other  way  preventing  its  getting  into  any  inland 
watei*s  in  an  offensive  form. 
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ffiMjfrrtl  »lfltUT»fi.  rw^Jaluii  of  UKJl*.  aec.   lsi*8,  aa  amiinfled  liy  cliiip.  28,  of  tti«  la«»  irf 

Every  [R^rt^yn  who  shall  wanton  ly  aud  indecently  ex  post*  his  jseiSDn* 
p  who  shall  batho  iti  luiy  re;5<?r\oir  from  which  the  inliabitants  id 
ny  town,  city  or  borough  are  f^upplied  with  water,  or  in  any  like^ 
and  or  stream  tributary  to  such  reservoir,  or  who  shall  cas^t  aiit 
Ithy  or  iin^jtut*  siilistance  into  said  reservoir^  or  any  of  its  tribu* 
iries,  or  commit  any  nuisance  in  or  about  it  or  them,  shall  be  &md 
ot  more  than  one  hundred  dollars,  or  imprisoned  not  more  than  as 
months,  or  both, 

IGenenl  Sti|tiit««.  r«fy talon  of  1002,  p.  mS.} 

Seh.  S5i>5.  PoUutioh  of  id&ier  from  which  tee  Is  taken ^ — Every  per- 

HI  who  shrill  j>ut  any  suhstaufr  into  waters  from  which  ice  is  ptx*- 
J  red  ftu'  consuniption  which  shall  deiile,  pollute,  or  injure  the 
aality  of  naid  ice,  or  who  shall  throw  anything  into  such  waters  or 
poM  the  ice  with  intent  to  injure  ihe  ([ludity  i)f  the  w  or  obstnid 
le  cutting  or  gathering  of  the  same,  shall  Im?  fined  not  more  than 
lirty  dollars  or  iniprisuued  not  more  than  thirty  day:^.  This  section 
la  It  m>t  affect  the  rights  of  any  manufacturing  establishment  nor 
--cisting  or  hereafter  established  to  use  any  watei"s  in  carrying  on  its 
laislness. 

Sec.  2594.  Pollution  of  waters. — Every  person  who  shall  put  or 
leave  a  dead  animal  or  careaas  in  a  pond,  spring,  or  reservoir,  the 
water  of  which  is  conveyed  to  any  building,  or  who  shall  wilfully  put 
and  leave  in  any  of  the  waters  of  this  State  a  dead  animal,  shall  be 
fined  not  more  than  fifty  dollars  or  imprisoned  not  more  than  thirty 
days. 

Sec.  2595.  Penalty  for  polluting  drinking  water, — Every  person 
who  shall  put  anything  into  a  well,  spring,  fountain,  or  cistern,  or 
other  place  from  which  water  is  procured  for  drinking  or  other 
purposes,  w^ith  the  intent  to  injure  the  quality  of  said  water,  shall 
be  fined  not  more  than  five  hundred  dollars  or  imprisoned  not  more 
than  six  months. 

Sec.  2596.  Anali/siH  of  water. — Town,  borough,  and  city  health 
officers  shall,  when  in  their  judgment  health  is  menaced  or  impaired 
through  a  water  supply,  send,  subject  to  the  approval  of  the  county 
health  officer,  samples  of  such  water  to  the  State  board  of  health  for 
examination  and  analysis,  and  the  expense  of  such  examination  and 
analysis  shall  be  paid  out  of  the  funds  appropriated  to  said  board  to 
investigate  the  pollution  of  streams. 

Sec.  2598.  Lomtion  of  cemeteriefi. — No  cemetery  or  place  of  sepul- 
ture shall  hereafter  be  located  or  established  within  one-half  mile  of 
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any  reservoir  from  which  the  inhabitants  of  a  town,  city,  or  borough 
are  supplied  with  water ;  nor  shall  such  reservoir  be  located  or  estab- 
lished within  one-half  mile  of  a  cemetery  or  place  of  sepulture  unless 
the  superior  court  of  the  county  wherein  such  cemetery  or  place  of 
sepulture  or  reservoir  is  located  shall,  upon  application  or  notice  find 
that  such  cemetery  or  place  of  sepulture  or  such  reservoir  so  proposed 
to  be  located  is  of  public  convenience  and  necessity  and  will  not  be 
detrimental  to  the  public  health. 

Sec.  2602,  Pollution  of  r^eservolrs — Penalty. — No  person*,  after 
notice  shall  have  been  posted  that  any  reservoir,  or  any  lake,  pond,  or 
stream  tributary  thereto,  is  used  for  supplying  the  inhabitants  of  a 
town,  city,  or  borough  with  water,  shall  wash  any  animal,  clothing, 
or  other  article  therein.  No  person  shall  throw  any  noxious  or  harm- 
ful substance  into  such  reservoir,  lake,  pond,  or  stream,  nor  shall  any 
person,  after  receipt  of  written  notice  from  any  county  or  town 
health  officer  having  jurisdiction  that  the  same  is  detrimental  to  such 
water  supply,  suffer  any  such  substance  to  l)e  placed  upon  land 
owned,  occupied,  or  controlled  by  him,  so  that  the  same  may  be 
carried  by  rains  or  freshets  into  the  water  of  such  reservoir,  lake, 
pond,  stream,  or  drain,  or  allow  to  l)e  drained  any  sewage  from  said 
land  into  such  water.  Every  j)erson  who  shall  violate  any  provision 
of  this  section  shall  be  fined  not  more,  than  one  hundred  dollars  or 
imprisoned  not  more  than  thirty  days,  or  l)oth. 

Sec.  2603.  Appointment  of  special  police. — The  governor  may,  upon 
the  application  of  such  town,  borough,  city,  or  company,  commission 
during  his  pleasure  one  or  more  persons  who,  having  been  sworn, 
may  act  as  policemen  for  the  purpose  of  preventing  and  abating 
nuisances  and  protecting  such  water  supply  from  contamination. 
Such  policemen  shall  arrest  without  previous  complaint  and  warrant 
any  person  for  any  offense  under  the  provisions  of  any  law  for  the 
protection  of  water  supplies  when  the  offender  shall  be  taken  or 
apprehended  in  the  act  or  on  the  speedy  information  of  others,  and 
all  persons  so  arrested  shall  be  immediately  presented  before  proper 
authority.  Every  such  policeman  shall,  when  on  duty,  wetir  in  plain 
view  a  shield  bearing  the  words  "  Special  police  "  and  the  name  of 
the  town,  city,  borough,  or  company  for  which  he  is  connnissioned. 

fArts  of  imii,  chap.  102.  p.  148.1 
AN  ACT  concerniug  iujuuctious. 

Be  it  enncted  hy  the  senate  and  house  of  representatives  in  general 
assembly  convened. 

Section  1.  Section  2599  of  the  General  Statutes  is  hereby  amended 
to  read  as  follows:  Whenever  any  land  or  building  is  so  used,  occu- 
pied or  suffered  to  remain,  that  it  is  a  source  of  injury  to  the  watM 


stx>red  in  a  reservoir  used  for  supplying  a  town,  eity^  or  borough  with 
water,  or  to  any  source  of  supply  to  such  reservoir,  or  when  sack 
water  is  liable  to  pollution  in  consequence  of  the  use  of  the  sune, 
either  the  authorities  of  sudi  town,  city,  or  borough,  or  the  company 
having  charge  of  said  water,  may  apply  to  the  superior  court,  or  aiqr 
judgiB  thereof  in  vacation,  in  the  county  in  which  said  town,  city, 
borough,  or  company  is  located,  for  relief;  and  said  court  or  jsdgB 
may  order  the  removal  of  any  building,  enjoin  any  use  or  oocnpatkn 
of  any  land  or  building  or  of  said  water  whidr  is  detrimental  to  suA 
water,  or  make  any  other  order,  temporary  or  permanent,  whidi  in 
its  or  his  judgment  may  be  necessary  to  preserve  tlie  purity  of  sail 
water.  Said  town,  city,  borough,  or  company  may,  by  ite  <^icers  or 
agents,  duly  appointed  for  such  purpose,  at  all  reasonable  times  enter 
upon  and  inspect  any  premises  within  tlie  watershed  tributary  to  soA 
water  supply,  and  in  case  any  nuisance  shall  be  found  thereon  which 
pollutes  or  is  likely  to  pollute  such  water,  may  abate  sudi  nuisance 
at  its  own  expense  after  reasonable  notice  to  tiie  owner  or  oocupast 
of  said  pr^nises  and  upon  his  n^lect  or  refusal  to  abate  the  same; 
but  such  town,  city,  borough,  or  company  shall  be  liable  for  all  unnec- 
essary or  unreasonable  damage  d<me  to  said  premises. 

Sbc.  2.  Section  2600  of  the  General  Statutes  is  hereby  amended  to 
read  as  followe:  Any  city,  toVn,  borouj^,  or -corporation  authorised 
by  law  to  supply  the  inhabitants  of  any  city,  town,  or  borough  with 
pure  water  for  public  or  domestic  use  may  take  and  use  such  lands, 
springs,  streams,  or  ponds,  or  such  rights  or  interests  therein  as  the 
superior  court  or  any  judge  thereof  in  vacation  may,  on  application, 
deem  necessary  for  the  purposes  of  such  supply.  For  the  purpose  of 
preserving  the  purity  of  such  water  and  preventing  any  contamina- 
tion thereof,  such  city,  town,  l)orough,  or  corporation  may  take  such 
lands  or  rights  as  the  superior  court  or  any  judge  thereof  in  vacation 
may,  on  application,  deem  necessary  therefor.  Compensation  shall 
be  made  to  all  persons  entitled  thereto  in  the  manner  provided  by 
section  2601. 

Sec.  3.  Section  2601  of  the  General  Statutes  is  hereby  amended  to 
read  as  follows :  In  all  cases  where  the  law  requires  compensation  to 
be  made  to  any  person  whose  rights,  interests,  or  property  are  injuri- 
ously affected  by  said  orders,  such  court  or  judge  shall  appoint  a 
committee  of  three  disinterested  freeholders  of  the  county  who  shall 
determine  and  award  the  amount  to  be  paid  by  such  authorities  before 
such  order  is  carried  into  effect. 

Approved  June  18,  1903. 
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MASSACHUSETTS. 

[Reyised  laws  of  the  Commonwealth  of  MasBachiiBettSy  enacted  November  21,  1901,  taking 
effect  January  1,  1902,  chap.  75,  p.  677.1 

OF  THE  PBE8EBVATI0N  OF  TUE  PUBLIC  HEALTH. 

Sec.  112.  Super  vision  of  inlnnd  waters. — The  State  board  of  health 
shall  have  the  general  oversight  and  care  of  all  inland  waters  and  of 
all  streams  and  ponds  used  by  any  city,  town,  or  public  institution, 
or  by  any  water  or  ice  company,  in  this  Commonwealth  as  sources  of 
water  supply,  and  of  all  springs,  streams,  and  water  courses  tribu- 
tary thereto.  It  shall  be  provided  with  maps,  plans,  and  documents 
suitable  for  such  purposes  and  shall  keep  records  of  all  its  transac- 
tions relative  thereto. 

Sec.  113.  Examin<iti&n  of  water  Hupply. — Said  board  may  cause 
examinations  of  such  waters  to  be  made  to  ascertain  their  purity  and 
fitness  for  domestic  use  or  their  liability  to  impair  the  interests  of  the 
public  or  of  persons  lawfully  using  them  or  to  impair  the  public 
health.  It  may  make  rules  and  regulations  to  prevent  the  pollution 
and  to  secure  the  sanitary  protection  of  all  such  waters  as  are  used 
as  sources  of  water  supply. 

Sec.  114.  Effect  of  publication  of  notice. — The  publication  of  an 
order,  rule,  or  regulation  made  by  the  lx)ard  under  the  provisions  of 
the  preceding  section,  or  section  one  hundred  and  eighteen,  in  a  news- 
paper of  the  city  or  town  in  which  such  order,  rule,  or  regulation  is 
to  take  effect,  or,  if  no  newspaper  is  published  in  such  city  or  town, 
the  posting  of  a  copy  of  such  order,  rule,  or  regulation  in  a  public 
place  in  such  city  or  town,  shall  be  legal  notice  to  all  persons,  and  an 
affidavit  of  such  publication  or  posting  by  the  person  causing  such 
notice  to  be  published  or  posted,  filed  and  recorded  with  a  copy  of  the 
notice  in  the  office  of  the  clerk  of  such  city  or  town,  shall  Ik?  admitted 
as  evidence  of  the  time  at  which,  and  the  place  and  manner  in  which, 
the  notice  was  given. 

Sec.  115.  Report  and  recommcndationji. — Said  board  shall  annu- 
ally, on  or  before  the  tenth  day  of  January,  make  a  report  to  the  gen- 
eral court  of  its  doings  for  the  preceding  year,  recommend  measures 
for  the  prevention  of  the  pollution  of  such  waters  and  for  the  removal 
of  polluting  substances  in  order  to  protect  and  develop  the  rights  and 
property  of  the  Commonwealth  therein  and  to  protect  the  public 
health,  and  recommend  any  legislation  or  plans  for  systems  of  main 
.-ewers  necessary  for  the  j)r<»servation  of  the  public  health  and  for  the 
purification  and  prevention  of  pollution  of  the  ponds,  streams,  and 
inland  waters  of  the  Commonwealth.  It  shall  also  give  notice  to  the 
attorney -general  of  any  violation  of  law  relative  to  the  pollution  of 
water  supplies  and  inland  waters. 
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Sbo.  116.  Affents  and  assiattmts. — Said  board  may  appmni,  empkff, 
and  fix  the  oomp^isation  of  sudi  agenta,  clerks,  serrants,  engineo^ 
and  expert  assistants  as  it  considers  necessary.  Sudi  agents  ani 
servants  ^aU  cause  the  {oovisions  of  law  relative  to  the  pc^utum  d 
water  supply  and  of  the  roles  and  regulations  of  said  board  to  k 
enforced. 

Sb&  117.  Advice  as  to  methods. — Said  board  diall  ocmsiilt  with  $al 
advise  the  authorities  of  cities  and  towns  and  perscms  having,  or  abtit 
to  have,  systems  of  wat^  supply,  drainage,  or  sewerage  as  to  the  moil 
appropriate  source  of  wat^  supply,  and  the  best  methcn]  of  assoriiv 
its  purity  or  as  to  the  best  method  of  disposing  of  their  drainage  or 
sewage  with  reference  to  the  existing  and  future  needs  of  other  citki^ 
towns,  or  p^-sons  which  may  be  affected  thereby.  It  shall  also  oon- 
Kult  with  and  advise  perscms  engaged  or  intending  to  engage  in  tny 
manufacturing  or  other  business  whose  drainage  or  sewage  may  tend 
to  pollute  any  inland  water  as  to  the  best  method  of  preventing  sadi 
ix>llution,  and  it  may  conduct  experiments  to  determine  the  best 
methods  of  the  purification  or  disposal  of  drainage  or  sewage.  No 
person  shall  be  required  to  bear  the  expense  of  sudi  consultation, 
advice,  or  experiments.  Cities,  towns,  and  persons  shall  subout  to 
said  board,  top  its  advice,  their  proposed  syi^^^n  of  water  supply  or  of 
the  disposal  of  drainage  or  sewage,  and  all  petitions  to  the  gmtsal 
court  for  authority  to  introduce  a  system  of  water  supply,  drainage, 
or  sewerage  shall  be  accompanied  by  a  copy  of  the  recommendation 
and  advice  of  said  board  thereon.  In  this  section  the  term  '"  drain- 
age "  means  rainfall,  surface,  and  subsoil  water  only,  and  "  sewage  " 
means  domestic  and  manufacturing  filth  and  refuse. 

Sec.  118.  Removal  of  cavse.H  of  pollution, — Upon  petition  to  said 
board  by  the  mayor  of  a  city  or  the  selectmen  of  a  town,  the  manag- 
ing board  or  officer  of  any  public  institution,  or  by  a  board  of  water 
commissioners,  or  the  president  of  a  water  or  ice  company,  stating 
that  manure,  excrement,  garbage,  sewage,  or  any  other  matter  pol- 
lutes or  tends  to  pollute  the  waters  of  any  stream,  pond,  spring,  or 
water  course  used  by  such  city,  town,  institution,  or  company  as  a 
source  of  water  supply,  the  board  shall  appoint  a  time  and  place 
within  the  county  where  the  nuisance  or  pollution  is  alleged  to  exist 
for  a  hearing,  and  after  notice  thereof  to  parties  interested  and  a 
hearing,  if  in  its  judgment  the  public  health  so  i-equires,  shall,  by  an 
order  served  upon  the  party  causing  or  permitting  such  pollution, 
prohibit  the  deposit,  keeping,  or  discharge  of  any  such  cause  of  pol- 
lution, and  shall  order  him  to  desist  therefrom  and  to  remove  any 
such  cause  of  pollution ;  but  the  board  shall  not  prohibit  the  cultiva- 
tion and  use  of  the  soil  in  the  ordinary  methods  of  agriculture  if  no 
human  excrement  is  used  thereon.    Said  board  shall  not  prohibit  the 
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use  of  any  structure  which  was  in  existence  on  the  eleventh  day  of 
June,  in  the  year  eighteen  hundred  and  ninety-seven,  upon  a  com- 
plaint made  by  the  l)oard  of  water  commissioners  of  any  city  or  town 
or  by  any  water  or  ice  company,  unless  such  board  of  water  commis- 
sioners or  company  files  with  the  State  board  a  vote  of  its  city  council, 
selectmen,  or  company,  respectively,  that  such  city,  town,  or  company 
will,  at  its  own  expense,  make  such  changes  in  said  structure  or  its 
location  as  said  board  shall  deem  expedient  Such  vote  shall  be  bind- 
ing on  such  city,  town,  or  company.  All  damages  caused  by  such 
changes  shall  be  paid  by  such  city,  town,  or  company;  and  if  the  ])ar- 
ties  can  not  agree  thereon,  the  damages  shall,  on  petition  of  either 
party,  filed  within  one  year  after  such  changes  are  made,  be  assessed 
by  a  jury  in  the  superior  court  for  the  county  where  the  structure  is 
located. 

Sec.  119.  Appeal  from  order. — ^Vhoever  is  aggrieved  by  an  order 
passed  under  the  provisions  of  the  preceding  section  may  api)eal 
therefrom  in  the  manner  provided  in  sections  95  and  97,  but  such 
notice  as  the  court  shall  order  shall  also  l)e  given  to  the  board  of 
water  commissioners  and  mayor  of  the  city  or  chairmen  of  the  select- 
men of  the  town  or  president  or  other  officer  of  the  water  or  ice  com- 
pany interested  in  such  order,  ^^^lile  the  appeal  is  pending  the  order 
of  the  board  shall  be  complied  with,  unless  otherwise  authorized  by 
the  board. 

Sec.  120.  Enforcement  of  laic. — The  supreme  judicial  court  or  the 
superior  court  shall  have  jurisdiction  in  equity,  upon  the  application 
of  the  State  board  of  health  or  of  any  party  interested,  to  enforce  its 
orders  or  the  orders,  rules,  and  regulations  of  said  board  of  health, 
and  to  restrain  the  use  or  occupation  of  the  premises  or  such  portion 
thereof  as  said  board  may  specify,  on  which  said  material  is  deposited 
or  kept,  or  such  other  cause  of  polhition  exists,  until  the  orders,  rules, 
and  regulations  of  said  board  have  l>een  complied  with. 

Sec.  121.  Entry  on  prendHes. — The  agents  and  servants  of  said 
board  may  enter  any  building,  structure,  or  premisc»s  for  the  purpose 
of  ascertaining  whether  sources  of  pollution  or  danger  to  the  water 
supply  there  exist,  and  whether  the  rules,  regulations,  and  orders 
aforesaid  are  obeyed.  Their  comj^eiisation  for  services  rendered  in 
connection  with  proceedings  under  the  provisions  of  section  118  shall 
be  fixed  by  the  board  and  shall  in  the  first  instance  be  paid  by  the 
Commonwealth;  but  the  whole  amount  so  paid  shall,  at  the  end  of 
each  year,  be  justly  and  e(|uitably  apportioned  by  the  tax  commis- 
sioner between  such  cities,  towns,  or  companies  as,  during  said  year, 
have  instituted  said  proceedings,  and  may  l)e  recovered  in  an  action 
by  the  treasurer  and  receiver-general,  with  interest  from  date  of  the 
demand. 

i 


Ssa  122.  Peiui<#i».— Whoever  vkikteft  m&y  rofe,  legalatkn,  «r 
order  made  under  the  proviai<ms  of  aectum  119  or  aec^on  llS.shaD  be 
punished  for  each  offence  by  a  fine  of  not  mcwe  thfm  five  hnndni^ 
dollars,  to  the  use  of  the  Comnumwealth,  or  by  im^iiOBBieBi  for  oot 
more  thaii  one  jrear,  or  bj  both  sudi  fine  and  inyriaonmeiit. 

Sbc.  128.  AppUcoHon  of  preeedmg  «e<^J0M*— The  p^rovisions  of  the 
eleven  preceding  sections  diall  not  apply  to  the  Merrimac  or  Coa> 
necticut  rivers,  nor  to  so  much  of  the  Omoord  Baver  as  Iks  witiiki 
the  limits  of  tibte  dty  of  Lowell,  bcht  to  springs,  streams,  ponds,  or 
water  courses  over  which  the  metropolitan  water  board  has  controi 

Ssa  124.  SauTcea  of  water  mppfy — as  to^r^Thb  provisions  of  Ae 
refuse,  or  polluting  maUer  of  such  kind  and  amount  as  either  hj 
itself  or  in  connection  with  other  matter  will  corrupt  or  impair  the 
quality  of  the  water  of  any  pond  or  strsam  used  as  a  source  of  ice  or 
water  supply  by  a  city,  town,  public  institution,  or  water  oompanj 
for  domestic  use,  or  raider  it  injurimis  to  health,  and  no  humia 
excrement  shall  be  discharged  into  any  sudi  stream  or  pond,  or  upon 
their  banks  if  any  filter  badn  so  used^  there  situated,  or  into  anj 
feeders  of  such  pond  cr  stream  within  tw^ity  miles  above  the  poiiit 
where  such  supply  is  taken. . 

Sec.  125.  Prescriptive  rights  ima^ef^ed—appUeaUtm  Umiied.—Vam 
provisions  of  the  preceding  section  shall  not  destroy  or  impair  rig^ 
acquired  by  legislative  grant  prior  to  the  first  day  of  July  in  tfie 
year  1878,  or  destroy  or  impair  prescriptive  rights  of  drainage  or 
discharge,  to  the  extent  to  which  they  lawfully  existed  on  that  date; 
nor  shall  it  be  applicable  to  the  Merrimac  or  Connecticut  rivers,  or  to 
so  much  of  the  Concord  River  as  lies  within  the  limits  of  the  city  of 
Lowell. 

Sec.  126.  Injunction  against  pollution  of  water  mipply, — The 
supreme  judicial  court  or  the  superior  court,  upon  application  of  the 
mayor  of  a  city,  the  selectmen  of  a  town,  managing  board  or  officer  of 
a  public  institution,  or  a  water  or  ice  company  interested,  shall  have 
jurisdiction  in  equity  to  enjoin  the  violation  of  the  provisions  of 
sec.  124. 

Sec.  127.  Pcimlty  for  rornuptlny  spring ^  etc. — Whoever  willfully^ 
and  maliciously  defiles  or  corrupts  any  spring  or  other  source  of 
water,  or  reservoir,  or  destroys  or  injures  any  pipe,  conductor  of 
water,  or  other  property  pertiiining  to  an  aqueduct,  or  aids  or  abets 
in  any  sucrh  trespass,  shall  l)e  punished  by  a  fine  of  not  more  than 
one  thousand  dollars  or  by  imprisonment  for  not  more  than  one  year. 

Sec.  128.  Penalty  for  corrupting  Hourcen  of  water  supply, — Who- 
ever willfully  deposits  excrement  or  foul  or  decaying  matter  in  water 
which  is  used  for  the  purpose  of  domestic  water  supply,  or  upon  the 
shore  thereof  within  five  rods  of  the  water,  shall  be  punished  by  a 
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fine  of  not  more  than  fifty  dollars  or  by  imprisonment  for  not  more 
than  thirty  days;  and  a  police  officer  or  constable  of  a  city  or  town  in 
which  such  water  is  wholly  or  partly  situated,  acting  within  the  limits 
of  his  city  or  town,  and  any  executive  officer  or  agent  of  a  water 
board,  l)oard  of  water  commissioners,  public  institution,  or  water 
company  furnishing  water  or  ice  for  domestic  purix)ses,  acting  upon 
the  premises  of  such  l^)ard,  institution,  or  company,  and  not  more 
than  five  rods  from  the  water,  may,  without  a  warrant,  arrest  any 
person  found  in  the  act  of  violating  the  provisions  of  this  section  and 
detain  him  until  a  complaint  can  be  made  against  him  therefor.  But 
the  provisions  of  this  section  shall  not  interfere  with  the  stowage  of  a 
city,  town,  or  public  institution,  or  prevent  the  enriching  of  land  for 
agricultural  purposes  by  the  owner  or  occupant  thereof. 

Sec.  129.  Penalty  for  bathing  in  pahlic  ponds, — ^Mioever  bathes  in 
a  pond,  stream,  or  reservoir  the  water  of  which  is  used  for  (he  pur- 
pose of  domestic  water  supply  for  a  city  or  town,  shall  Ix^  punished 
by  a  fine  of  not  more  than  ten  dollars. 

Sec.  130.  Penalty  for  driving  on  ice  of  pond  ffsed  for  trater  sup- 
ply.— ^Mioever,  not  being  engaged  in  cutting  or  harvesting  ice,  or  in 
hauling  logs,  wood,  or  luinl)er,  drives  any  animal  on  the  ice  of  a  pond 
or  stream  which  is  used  for  the  purpose  of  domestic  water  sui)ply  for  a 
city  or  town,  shall  he  punished  by  a  fine  of  not  more  than  fifty  doHars 
or  by  imprisonment  for  not  more  than  thirty  days. 

Note. — Sections  95  and  97,  referred  to  in  section  119,  provide  for 
an  appeal  to  the  superior  court  of  the  county  and  a  jury  trial.  The 
verdict  may  alter,  affirm,  or  annul  the  order,  and  shall  be  returned 
to  the  court  for  acceptance,  and,  if  accepted,  shall  have  the  authority 
and  effect  of  a  valid  order  of  the  board. 

MINNESOTA. 

[General  Statutes,  p.  V20.] 

Sec.  430.  Pollution  of  nourres  of  water  supply  forbidden. — No  sew- 
age, drainage,  or  refuse,  or  ix)lluting  matter  of  such  kind  as,  either 
by  itself  or  in  connection  with  other  matter,  will  corrupt  or  impair 
the  quality  of  the  water  of  any  spring,  well,  pond,  lake,  stream,  or 
river  for  domestic  use,  or  render  it  injurious  to  health,  and  no  human 
or  animal  excrement  shall  he  placed  in  or  discharged  into  or  placed 
or  deposited  ujwn  the  ice  of  any  pond,  lake,  stream,  or  river  used  as  a 
source  of  water  supply  by  an\'  town,  village,  or  city;  nor  shall  any 
such  sewage,  drainage,  refuse,  or  polluting  matter  or  excrement  he 
placed  upon  the  banks  of  any  such  pond,  lake,  stream,  or  river  within 
five  miles  above  the  point  where  such  supply  is  taken,  (u*  into  any 
feeders  or  the  banks  thereof  of  any  such  pond,  lake,  stream,  or  river; 
nt«  152—05  M— 1» 
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Frorlded^  nothing  in  (his  section  contanit*d  s^hall  apply  to  LakeSupe^ 
Hon     ( 1885.    Chap.  225,  h«c.  !•) 

8e<:\  4S1.  SnfK*rrij<iort  of  fiourees  of  wafer  Mrtpplj^ — ptoeedurt  I* 
pases  of  polhttum. — The  State  board  of  hmlth  HhNll  have  the  genml 
l$uperviskm  of  all  s;priijgs,  wells,  ponds,  lakes,  streams,  or  risers  iisd 
by  ftny  towru  village,  nr  rity  as  ^  sonr<v  nf  water  supply,  with  r^fpr 
cHit^  to  thfir  purity,  togi»ther  with  the  waters  ft'**ding  the  same,  and 
shall  examine  the  same  from  time  to  tinit\  and  inquire  what,  if  any. 
jKslliition  exists  and  their  eanse^.     In  cas*?  of  a  violaticai  i>f  any  of  t!if 
pnjvjsjons  of  ^^ection  one  uf  thim  act  {^^i\  4*iO)  j^aid  luiard  may  ap|M)iFit 
i  time  and  plai-e  for  hearing  partie^s  to  hi'  alfeeted,  and  ^\vd\  gi%*Mhr*^ 
notiee  then'of,  jih  hereinafter  pmvided,  to  ^\wh   parties:   and  after 
eueh  hearing,  if  in  it.n  jntlginent  tlje  publir  heuhh  ri-rpiii\^s  it,  m«y 
orcJer  any  person  or  cori>oratifm,  or  munieipal  eorporation,  to  (K^i4 
proiti  the  acts  auising  sneh  fkullutnin.  nntl  iniiy  dinul  any  such  fjerNin 
or  cor[>oration  to  ivniedy  the  iwllutiiHK  or  to  (*leanse  or  pnrify  th* 
polhiting  snlKtunws  in  sueh  a  nninner  and  to  siii'li  ii  degnn*  as  shall 
bf *  d  i  n*  t  *t  ei  1  1  )y  sa  i  cl  h%  m  n  \ .  tie  U  >re  I  mm  ng  t  ':i  st  <  n*  a  I  h  i  w  inX  to  f  h  >  w  i  n  1 1 1 1  he 
waters  theivhy  pollnted,  or  iihurd  or  tleposited  upon  tJie  i*^*  or  baiib 
ftf  luly  of  the  iKxIie?*  of  waiter  in  the  fir^^t  ^leetion  of  this  act  nieiitioned. 
Upon  the  iipplicalion  of  the  t>nHM*r  otTi^-ers  of  uny  town,  vitla^**  or 
eity,  or  of  not  h*S!H  llmn  ten  legal  voters  of  any  >*neh  town,  vilhigi\  or 
eity,  to  said  State  Inaird,  alleging  the  pollntion  of  the  %vater  snp|»ly 
of  any  sneh  town,  viUage,  or  eity  by  the  violation  of  any  of  the  pn> 
visions  of  this  act,  suid  State  board  shall  imvstigjite  the  allesed  \h>\- 
lotion,  and  shall  appoint  a  time  and  place  when  and  w^hen^  it  will 
heiir  and  examine  the  matter,  and  shall  give  notiee  of  such  hearing 
an<l  examination  to  the  etJinjjhiinant,  and  also  to  the  pers^^n  or  cor- 
poration or  municipal  corporation  alleged  to  have  cause^l  such  poUu* 
tion.  and  such  notice  shall  Im*  served  not  less  than  ten  days  prior  h^ 
the  time  so  appointed,  and  shall  be  served  in  the  same  manner  tliHt 
now  is  or  hereafter  may  be  by  law  provided  for  the  service  of  a  sum- 
mons in  a  civil  action  in  the  rlistrict  court.     Said  lK>ard,  if  in  i1> 
judgment  any  of  the  provisions  of  this  act  huve  Ix^en  violated,  shall 
issue  the  order  or  orders  already  mentioned  in  this  section,     (l^!^-* 
Chap.  225,  sec,  2/) 

NEW    HAMFSUIRE, 

IPubnc  etAtUtei  of  New  Hampablre  ivnd  ueneral  laws  In  force  Jau.  1,  imil*  ti.  'A^'.  ^■^»^ 
im,     (Wm    M.  and  Artliur  O.  rhos*.)J 

Hection  13,  entitled,  '^  The  prevention  and  removal  of  nnisam*tN**  i^ 
as  follows:  *■  If  a  person  »iietli  place,  leave,  or  cau&e  to  be  placed  or  Icn 
in  or  near  a  lake,  pond,  reservoir,  or  stream  tributary  thereto,  from 
which  the  water  supply  for  domestic  purposes  of  a  city,  town,  or  vil- 
lage if?  taken,  in  whole  or  in  part,  any  substance  or  fluid  that  may 
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cause  the  water  thereof  to  become  impure  or  unfit  for  such  purposes. 
he  shall  be  fined  not  exceeding  twenty  dollars  or  be  imprisoned  not 
exceeding  thirty  days,  or  both.'' 

Sec.  14.  The  board  of  health  of  the  town  or  the  water  commis- 
sioners having  charge  of  the  water  supply  or  the  proprietors  thereof 
may  remove  such  substance  or  fluid,  and  they  may  recover  the 
expense  of  removal  from  the  person  who  placed  the  same  or  caused 
it  to  be  placed  in  or  near  the  water  as  aforesaid  in  an  action  on  the 
case. 

[Laws  of  1895.  chap.  76,  p.  433.] 
AN  AC-T  to  pn)te<*t  waters  used  for  clonieHtic  purposes. 

He  it  enacted  by  the  neiuite  and  honHc  of  vepreHentatli'es  in  general 
CO  urt  con  rened : 

Section  1.  Whoever  knowingly  and  wilfully  poisons,  defiles,  pol- 
lutes, or  in  any  way  corrupts  the  watei*s  or  ice  of  any  well,  spring, 
brook,  lake,  pond,  river,  or  reservoir  used  as  the  source  of  a  |)ul)lic 
water  or  ice  supply  for  domestic  purposes,  or  knowingly  corrupts  tin* 
sources  of  the  water  of  any  water  company  or  of  any  city  or  town  sup- 
plying its  inhabitants  with  w^ater,  or  the  tributaries  of  said  sourct^s  of 
supply,  in  such  a  manner  as  to  affect  the  purity  of  the  water  or  ice  so 
supplied  at  the  point  where  the  water  or  ice  is  taken  for  such  domes- 
tic use,  or  puts  the  carcass  of  any  dead  animal  or  other  offensive 
material  into  said  waters  or  upon  the  ice  thereof,  shall  be  punished 
by  a  fine  not  exceeding  one  thousand  dollars  or  by  imprisonment  not 
exceeding  one  year.  The  provisions  of  this  s(»ction  shall  not  apply  to 
the  deposit  of  any  bark,  sawdust,  or  any  other  waste  of  any  kind 
arising  from  the  business  of  cutting,  hauling,  driving,  or  storing  logs, 
or  the  manufacture  of  lumber;  and  the  us(»  of  any  stream  for  the 
purposes  of  manufacturing  and  for  the  necessary  drainage  connected 
therewith,  if  more  than  four  miles  distant  from  the  point  where  the 
water  is  taken  for  such  domestic  purposes,  shall  not  be  deemed  a  vio- 
lation of  this  section. 

Sec.  2.  No  person  shall  cut  or  take  ice  from  any  lake,  pond,  or  res- 
ervoir used  as  the  source  of  a  public  water  or  ice  supply  for  domestic 
purposes  for  man,  unless  he  first  shall  comply  in  all  respects  with 
such  reasonable  rules  and  regulations  in  regard  to  the  manner  and 
place  of  cutting  and  taking  such  ice  on  said  lake,  pond,  or  reservoir 
as  may  be  prescribed  by  the  lo(*al  l)oard  of  control  or  officers  of  a 
water  company  who  may  have  charge  of  the  w  orks  of  any  city  or  town 
supplying  its  inhabitants  with  water  from  said  lake,  pond,  or  res<»r- 
voir.  The  supreme  court  shall  have  power  to  issue  injunctions 
restraining  any  person  from  cutting  or  taking  ice  from  sueh  lakes, 
ponds,  or  reservoirs  until  they  have  complied  with  the  reasonable 
regulations  made  as  aforesaid.  ^ 


Sec.  8.  Said  local  boards  and  oflSksers  msy  alao  make  all  reasonsbk 
roles  and  regulations  in  regard  to  fiigAiipg  and  the  use  of  boats  in  and 
upon  any  sudi  lake,  p<Hid,  or  reservoir,  and  in  regard  to  racing  m 
speeding  horses  upon  the  ice  thereof,  which  they  may  deem  espb- 
dient. '  Any  person  who  shall  violate  any  of  said  rules  and  regakr 
tions  after  notice  thereof  shall  be  fined  not  exceeding  twenty  ddlai% 
or  imprisoned  not  exceeding  six  months. 

Sbc.  4.  If  any  person  shall  bathe  in  sodi  lake,  pond,  <»-  reservcir 
within  one-fourth  mile  of  the  point  where  said  water  is  taken,  ht 
shall  be  fined  not  exceeding  twenty  dollars,  w  imprisoned  not 
exceeding  six  months. 

Sec.  5.  Whoever  shall  wilfully  injure  any  of  the.  prop^ty  of  anj 
water  company  or  of  any  city  or  town,  used  by  it  in  supplying  wakr 
to  its  inhabitants,  diall  be  punished  by  a  fine  not  exceeding  one 
thousand  dollars,  w  by  imprisonm^it  not  exceeding  one  year;  and 
such  person  shall  also  forfeit  and  pay  to  sudi  water  company,  dly, 
or  town  three  times  the  amount  of  actual  damages  sustained,  to  bt 
I'ecovered  in  an  acti<m  on  the  case. 

Sec.  6.  All  acte  and  parts  of  acts  inconsiirtent  witli  this  act  are 
hereby  repealed,  but  nothing  in  this  act  shall  be  construed  to  repeal 
any  special  act  applying  to  cities  and  towns. 

[Law*  af  1807,  chmp.  86,  p.  82.1 

Section  1.  It  shall  be  the  duty  of  boards  of  health  of  the  cities  and 
towns  of  the  State  to  examine  and  inspect  the  sources  from  which  ice 
is  cut,  or  is  proposed  to  be  cut,  for  domestic  use  in  such  cities  and 
towns,  and  to  employ  such  means  as  may  be  necessary  to  determine 
whether  the  waters  of  such  sources  of  ice  supply  have  been  polluted, 
or  whether  ice  taken  therefrom  will  be  deleterious  to  the  public 
health. 

Sec.  2.  In  each  case  where  the  waters  of  the  sources  of  ice  supplies 
shall  be  found  so  polluted  that  the  ice  taken  therefrom  will  l)e 
unhealthy  or  unsafe  for  domestic  use,  the  board  of  health  of  the  city 
or  town  concerned  in  the  same  shall  immediately  notify  such  jjerson 
or  persons  as  may  have  taken,  or  who  propose  to  take  ice  from  such 
polluted  source  for  their  own  domestic  use  or  for  sale  for  domestic 
use,  of  the  dangerous  character  of  the  waters  inspected  and  that  the 
taking  of  such  ice  for  domestic  use  must  cease. 

Sec.  8.  Whoever  knowingly  or  wilfully  shall  cut  or  take  any  ice  for 
domestic  purposes  fnmi  any  waters  which  are  polluted  with  sewage  or 
other  substance  deleterious  or  dangerous  to  life  or  health,  or  from 
waters  which  a  hoard  of  health  has  condemned,  shall  be  fined  not 
exceeding  two  hundred  and  fifty  dollars  or  imprisoned  not  exceeding 
six  months, 
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[Acts  of  1899.  chap.  57.] 

Section  1.  Whenever  any  board  of  water  commissioners,  local 
board  of  health,  or  ten  or  more  citizens  of  any  town  or  city  have  rea- 
son to  believe  that  a  public  water  or  ice  supply  is  Iwing  contaminated 
or  is  in  danger  of  contamination,  and  that  the  local  regulations  are 
not  sufficient  or  effective  to  prevent  such  pollution,  they  may  petition 
the  State  board  of  health  to  investigate  the  case  and  to  establish  such 
regulations  as  the  said  board  may  deem  necessary  for  the  protection 
of  the  said  supply  against  any  pollution  that  in  its  judgment  w^ould 
endanger  the  public  health. 

Sec.  2.  The  State  board  of  health  shall,  after  due  investigation, 
make  such  regidations  as  it  may  deem  best  to  protect  the  said  supply 
against  any  dangerous  contamination,  and  the  regulations  so  made 
shall  be  in  force  when  a  copy  is  filed  with  the  town  clerk  and  posted 
in  two  or  more  public  placets  in  said  town,  or  published  in  some  news- 
paper in  the  county,  and  it  shall  be  the  duty  of  the  local  board  of 
health  to  enforce  said  regulations. 

Sec.  3.  Any  person  violating  any  regulation  established  by  the 
State  Iward  of  health  shall  be  punished  by  a  fine  of  tw^enty  dollars 
for  each  offense,  and  a  certified  copy  under  oath  of  such  regulation, 
made  by  the  secretary  of  the  State  board  of  health  or  by  the  town 
clerk  where  the  regulations  are  filed,  shall  lx>  received  as  prima  facie 
evidence  of  such  regulations  in  any  court  of  the  State. 

[I^ws  of  190r>,  chap.  12.1 

AN  ACT  to  protect  the  waters  of  Alton  Bay  from  pollution  by  fiawdust  and  other 

waste. 

Sec.  1.  That  no  sawdust,  shavings,  or  other  waste  product  of  saw- 
mills, planing  mills,  or  other  manufactories  shall  lyo,  deposited, 
dumped,  or  placed  in  that  part  of  Lake  Winnipesaukee  known  as 
Alton  Bay,  nor  shall  any  sawdust,  shavings,  or  other  waste  products 
be  allowed  to  escape  into,  or  l>e  deposited,  dumped,  or  phiced  in  any 
stream  which  runs  or  empties  into  said  bay. 

Sec.  2.  Any  person,  or  any  officer  of  any  corporation,  violating  the 
provisions  of  this  act  shall  l)e  fined  not  exceeding  twenty-five  dollars 
for  each  offense,  and  each  day  of  a  violation  of  the  same  shall  be 
deemed  a  separate  offense. 

Sec.  3.  All  acts  and  parts  of  acts  inconsistent  with  this  act  are 
hereby  repealed. 

Sec.  4.  This  act  shall  take  effect  on  April  1, 1905. 

Approved  F'ebruary  0,  1905. 


(Law*  of  1905,  ditp.  78.} 

AN  ACT  to  prohibit  tbe  d^MWit  of  sawdust  and  other  sawmill  refive  and  stta  ^ 
wi»te  in  Swtft  RiTor  and  Its  trlhntarles  in  tbe  town  of  'Pamworth. 

Sbc.  1.  Any  person  who  diall  deposit^  dump,  place,  or  cmuse  tobt 
deposited,  dumped,  or  placed  any  sawdust  or  oilier  sawmill  retaa^ 
rubbish,  or  other  waste  in  Swift  River  and  its  tributaries,  in  Ae 
town  of  Tamworth,  shall  be  fined  not  less  than  tendoUars  nor  man 
than  fifty  dollars. 

Sbc.  2.  This  act  shall  take  effect  upon  its  passage. 

Approved  March  9, 1905. 

[Law*  of  1905,  chap.  74.1 
AN  ACT  to  protect  Mink  BnKdc  from  pollution  by  sawdust  and  otiiier  waste. 

V  SsG,  1.  No  person  or  corporation  shall  put  or  place,  or  cause  (x 
allow  to  be  put  or  placed,  any  sawdust,  shavings,  edgings,  diips, 
bark,  or  other  waste  fratn  woodwork  establishments  into  Mink  Brook 
in  the  town  of  Hanover. 

Sec.  2.  Any  person  or  corporation  violating  the  provisions  of  this 
act  shall  be  punished  by  a  6ne  not  exceeding  ten  dollars  for*  each 
offense,  and  every  day  that  they  violate  the  same  shall  be  denned  i 
separate  offense. 

Sec.  8.  This  act  shall  take  effect  June  1, 1905. 

Approved  March  9, 1905. 

[Laws  of  1905,  clrap.  88.] 

AN  ACT  to  protect  Union  Kiver  and  its  tributaries  from  pollution  by  sawdust 

and  other  waste. 

Sec.  1.  No  person  or  corporation  shall  put  or  place,  or  cause  to  be 
put  or  placed,  any  sawdust,  shavings,  edgings,  chips,  bark,  or  other 
waste  from  sawmills  or  other  woodwork  establishments  into  Union 
River,  so  called,  or  its  tributaries,  in  the  towns  of  Brookfield  and 
Wakefield  in  Carroll  County,  and  the  town  of  Milton  in  Strafford 
County.  Any  person  or  corporation  violating  the  provisions  of  this 
act  shall  be  punished  by  a  fine  not  exceeding  one  hundred  dollars  for 
each  oflFense. 

Sec.  2.  This  act  shall  take  effect  on  April  15, 1905. 

Approved  March  10, 1905. 

NEW  JERSEY. 

[General  Statutes,  p.  1109.] 

AN  ACT  to  prevent  the  poUution  of  the  waters  of  any  of  the  creeks,  ponds,  or 
brooks  of  this  State.     (Aj)proved  March  29,  1878.) 

322.  Section  1.  That  if  any  person  or  persons  shall  throw,  cause  or 
permit  to  be  thrown,  into  the  waters  of  any  creek,  pond,  or  brook  of 
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this  State,  the  waters  of  which  may  Ix?  used  for  the  cutting  or  harvest- 
ing of  ice,  any  carcasses  of  any  dead  animal  or  any  offal  or  offensive 
matter  whatsoever,  calculated  to  render  said  waters  impure  or  create 
noxious  or  offensive  smells,  or  shall  comiect  any  water-closet  with  any 
sewer  or  other  means  whereby  the  contents  thereof  may  be  conveyed 
to  and  into  any  such  creek,  pond,  or  brook,  shall  be  deemed  guilty  of 
a  misdemeanor,  and  on  conviction  thereof  shall  Ixi  punished  by  a  fine 
not  exceeding  one  hundred  dollars,  or  imprisonment  not  exceeding 
thirty  days,  or  both. 

12  General  Statutes,  p.  2215.] 

AN  A(!'T  to  enable  towns  and  townships  in  this  State  to  construct  waterworks 
for  tlie  extinguishment  of  fires  and  supplying  the  inhabitants  thereof  with 
pure  and  wholesome  water.     (Approve<l  March  9,  1893.) 

419.  Sfa\  K^.  That  if  any  person  or  persons  shall  willfully  pollute 
or  adulterate  the  waters  in  any  reservoir  erected  under  the  provisions 
of  this  act,  any  person  so  offending  shall  be  deemed  guilty  of  a  mis- 
demeanor, and  on  conviction  thereof  shall  be  punished  by  a  fine  not 
exceeding  five  hundred  dollars,  or  by  impriscmment  at  hard  labor  not 
exceeding  three  years,  or  l)oth,  at  the  discretion  of  the  court  before 
whom  such  conviction  shall  be  had. 

[<;eneral  Statutes,  p.  1107.1 

Supplement  to  an  act  to  i)revent  the  willful  pollution  of  waters  of  any  of  the 
creeks,  ponds,  or  brooks  of  this  State.     (Approved  February  27,  1880.) 

Section  1.  (As  amended  by  act  passed  March  14,  1893.  General 
Statutes,  p.  1107,  sec.  311.)  That  if  any  person  or  persons  shall  throw, 
c^use  or  permit  to  be  thrown  into  any  reservoir,  or  into  the  waters  of 
any  creek,  pond,  or  brook  of  this  State  which  runs  through  or  along 
the  border  of  any  city,  town,  or  borough  of  this  State,  or  the  waters  of 
which  are  used  to  supply  any  aqueduct  or  reservoir  for  distribution 
for  public  use,  any  carcass  of  any  dead  animal,  or  any  offal  or  offen- 
sive matter  whatsoever  calculated  to  render  said  waters  impure,  or  to 
create  noxious  or  offensive  smells,  or  shall  connect  any  water-closet 
with  any  sewer,  or  other  means  whereby  the  contents  thereof  may  be 
conveyed  to  and  into  any  such  creek,  pond,  or  br(K)k,  or  shall  so  de- 
posit or  cause  or  permit  to  l)e  de[)osited  any  such  carcass,  offal,  or 
other  offensive  matter  that  the  washing  or  waste  therefrom  shall  or 
may  be  conveyed  to  and  into  any  such  creek,  pond,  brook,  or  reservoir, 
such  person  or  persons  shall  be  deemed  guilty  of  a  misdemeanor,  and 
on  conviction  thereof  shall  be  punished  by  a  fine  not  exceeding  one 
thousand  dollars,  or  by  imprisonment  not  exceeding  two  years,  or  both. 

309.  Sec.  2.  That  it  shall  l)e  the  duty  of  the  owner  or  owners,  occu- 
pant or  occupants  of  any  land  whereon  any  such  carcass,  offal,  or 
other  offensive  matter  may  be  to  cause  the  same  to  be  buried  forth- 
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widi,  so  that  all  portions  thereof  shaU  be  ooT<»ed  with  solid  earth  t» 
a  depth  of  at  least  two  feet  below  the  ^orfaoe  of  the  ground,  and  not 
within  a  distance  of  two  hundred  feet  frmn  sodi  creek,  pond,  or 
\brook  used  as  aforesaid;  and  any  sudi  owner  or  oceupant  who  shtO 
refuse  or  neglect  for  the  space  of  two  days  to  remove  and  bury  is 
afore^id,  ot  cause  to  be  removed  and  buried,  any  sudi  carcass,  ofd, 
or  offensive  matter  diall  be  deemed  guilty  of  a  miadratieaiior,  and  m 
cpnvidi<m  thereof  shall  be  punished  by  a  fine  n<^  exceeding  one  thou- 
sand dollars,  or  by  imprisonment  not  exceeding  two  years,  or  both. 

[Law*  of  1808,  chap.  186»  |i.  288.] 

AN  ACT  authorixing  tb»  appointment  of  oommlaslonera  to  oonalder  tiie  ooUeet 
<^  the  poUution  of  riTera  and  fltreams  wlUiin  this  Stat^  to  piOTlde  a  plaa  te 
the  prevention  thereof,  and  for  the  relief  of  the  pemoas  and  property  allMed 
thereby;,  and  to  provide  for  the  ezpenseB  neoeBsary  for  that  pnrpoae. 

Be  it  enacted  by  the  senate  an4  general  oseenMy  of  the  State  of 
New  Jersey: 

1.  The  governor  of  this  3tate  diall  have  power  and  authority  to 
appoint  and  commission  not  less  thui  three  suitable  persons  commis- 
sioners to  consider  the  subject  of  the-  pollution  of  any  stream  or  river 
within  this  State,  whose  duty  it  diall  be,  aft^  having  duly  investi- 
gated the  cause,  diaracter,  and  extent  of  sudbi  polluticoi,  if  tibtqr  shall 
deem  it  necessary  and  expedient,  to  prepare  and  perfect  a  plan  for 
the  prevention  thereof  and  for  the  relief  of  the  persons  and  property 
riffected  thereby,  and  to  report  their  conclusions  and  present  their 
plan  to  the  legislature  of  this  State,  together  with  a  bill  providing 
therefor  and  for  the  expenses  thereof. 

2.  Such  commissioners,  when  so  appointed,  shall  organize  by  the 
selection  of  one  of  their  number  as  chairman  and  one  to  act  as  treas- 
urer, and  they  are  authorized  to  select  a  clerk  and  to  employ  such 
other  agents  and  assistants  as  may  be  necessary.  The  salary  and 
compensation  of  such  commissioners  shall  be  fixed  by  the  governor, 
and  shall  not  exceed  one  thousand  dollars  each,  and  they  shall  have 
power  and  authority  to  fix  the  compensation  of  their  agents  and 
assistants. 

3.  Such  commissioners  are  authorized  to  raise  and  expend  for  the 
purposes  of  this  act  a  sum  not  exceeding  twenty-five  thousand  dollar^-? 
which  sum,  or  such  part  thereof  as  may  be  required  and  be  necessary— 
they  are  hereby  authorized  to  apportion  among  the  several  local 
municipalities  which  the  said  commissioners  shall  deem  to  be  affected 
by  such  pollution,  in  proportion  to  the  population  of  such  municipaU- 
ties  as  shown  by  the  last  State  or  National  census,  and  the  sum  or 
sums  so  apportioned  shall  be  certified  by  the  said  commissioners 
under  their  hands  to  the  assessors  or  other  taxing  officers  of  the  said 
several  municipalities,  and  it  shall  be  the  duty  of  the  proper  taxing 
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officer  or  officers  in  each  of  the  said  municipalities  to  whom  such 
apportionment  is  made  to  proct»ed  to  have  the  same  levied  and 
assessed  and  collected  in  the  same  manner  and  at  the  same  time  as 
other  tuxes  are  levied  and  collected  therein,  and  it  shall  l)e  the  duty 
of  the  i^ollector  or  other  equivalent  officer  of  each  of  the  said  munici- 
palities to  pay  over  the  said  several  sums  of  money,  when  so  levied, 
assessed,  and  collected,  to  the  said  conunissioners  or  to  such  person 
or  persons  as  "they  may  appoint  to  receive  the  same,  and  the  said 
commissioners  are  authorized  to  use  and  disburse  the  same  for  the 
purposes  of  this  act. 

4.  The  commissioners  appointed  under  the  authority  of  this  act 
shall  have  the  jjower  and  authority  to  anticipate  the  collection  and 
ret*eipt  of  the  sums  of  money  hereby  authorized  to  be  raised  by  tax- 
ation, and  may  issue  from  time  to  time  certificates  of  indebtedness,  or 
other  obligations,  to  be  paid  from  the  funds  to  lx»  raised  by  taxation 
in  the  manner  herein  provided;  and  they  are  authorized  to  use  the 
funds  received  from  the  stile  or  negotiation  of  such  certificates  or 
obligations  authorized  to  l^e  issued  by  this  act. 

5.  Said  commissioners  are  hereby  required,  at  any  time,  on  the 
order  of  the  governor,  to  render  to  him  a  report  and  statement  of 
their  receipts  and  expenditures  under  the  authority  of  this  act. 

6.  Vacancies  caused  by  the  death  or  resignation  of  any  commis- 
sioner appointed  under  the  authority  of  this  act,  or  from  other 
cause,  shall  be  filled  by  the  governor,  and  the  governor  may  remove 
any  of  the  persons  so  appointed  and  appoint  another  commissioner 
in  his  place. 

7.  This  act  shall  take  effect  immediately. 
Approved  April  2,  1898. 

fLaws  of  1890,  chap.  41,  p.  73.] 

AN  ACT  to  Heciire  the  jmrity  of  the  juihUe  suppHes  of  i>otahle  waters  in  this 

State. 

Be  it  enarted  hy  the  senate  and  general  assembly  of  the  State  of 
\ew  Jersey: 

1.  No  sewage,  drainage,  domestic  or  factory  refuse,  excremental  or 
":»ther  polluting  matter  of  any  kind  whatsoever  which,  either  by  itself 
:ir  in  connection  with  other  matter,  will  corrupt  or  impair,  or  lend  to 
irorrupt  or  impair,  the  quality  of  the  water  of  any  river,  brook,  streaui, 
lir  any  tributary  or  branch  thereof,  or  of  any  lake,  pond,  well,  spring, 
Ziv  other  reservoir  from  which  is  taken,  or  may  bt^  taken,  any  public 
riupply  of  water  for  domestic  use  in  any  city,  town,  borough,  town- 
iship,  or  other  municipality  of  this  State,  or  which  will  render,  or 
t«nd  to  render,  such  water  injurious  to  health,  shall  be  ])lac<Hl  in,  or 
^scharged  into,  the  waters,  or  placed  or  deposited  upon  the  ice,  oi^ 
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any  such  river,  brook,  stream,  or  any  tributary  or  brandiUMreo^  or 
of  any  lake,  pond,  well,  spring,  or  other  res^voir  above  the  point 
from  which  any  city,  town,  borough,  townsliip,  or  oth^  monicipftlHy 
dhall  or  may  dl>tain  its  supply  of  water  for  dcmiestic  use,  not  siiaD 
any  such  sewage,  drainage,  domestic  or  factory  refuse,  exeremental  or 
other  polluting  matter  be  placed  or  suffered  to  remain  upon  tlie  banks 
of  any  such  river,  brook,  stream,  or  of  any  tributary  or  hnndi 
thereof,  or  of  any  lake,  pond,  well,  spring,  or  other  reservoir  aboro 
the  point  from  which  any  city,  town,  b(»t>jigh,  town^p,  w  other 
municipality  shall  or  may  obtain  its  supply  of  water  for  domestic  use 
as  aforesaid ;  and  any  person  or  persons,  or  private  or  public  crarpraai- 
tion,  which  shall  off^id  against  any  of  the  provisions  of  tliis  section 
shall  be  liable  to  a  penalty  of  one  hundred  dollars  for  eadi  olkam; 
and  each  week's  continuance,  after  notice  by  the  State  or  local  board 
of  health  to  abate  or  remove  the  same,  shall  constitute  a  separate 
offense:  Providedj  however^  That  this  secti<m  duiU  not  be  held  to 
apply  to  any  city,  town,  borough,  township,  or  oth^  municipality  of 
this  State  which,  at  the  date  of  the  passage  of  this  act,  has  a  pidilie 
sewer  or  system  of  sewers,  drain  or  system  of  drains,  legally  con- 
structed under  municipal  or  township  authority,  discharging  ito 
drainage  or  sewage  into  any  such  river,  brook,  stream,  lake,  pood, 
well,  spring,  or  other  reservoir:  And  provided  further^  That  nodiiiig 
in  this  section  contained  shall  be  construed  to  repeal,  modify,  or  other- 
wise affect  any  law  or  statute  now  conferring  upon  any  local  board  of 
health  the  power  or  authority  to  institute  any  proceedings  in  any 
court  of  this  State  for  the  recovery  of  any  penalty  for,  or  obtaining 
any  injunction  against,  the  polhition  of  any  of  the  waters  of  this 
State. 

2.  Any  penalty  incurred  under  any  of  the  provisions  of  the  first 
section  of  this  act  may  be  recovered,  with  costs,  in  a  sunmiary  pro- 
ceeding, either  in  the  name  of  the  board  of  health  of  the  State  of  New 
Jersey  or  in  the  name  of  the  local  board  of  health  of  the  township, 
city,  borough,  town,  or  other  local  municipal  government  within 
whose  jurisdiction  the  penalty  may  have  been  incurred;  it  shall  be 
the  duty  of  any  health  inspector,  or  member  of  any  local  board  of 
health,  who  shall  know  or  be  informed  of  any  violation  of  any  of  the 
provisions  of  the  first  section  of  this  act  whereby  any  penalty  may 
have  been  incurred,  to  make,  and  any  other  person  having  such  knowl- 
edge may  make,  under  oath  or  affirmation,  a  complaint  against  the 
person  or  persons  or  private  or  public  corporation  incurring  such  pen- 
alty, setting  forth  the  facts  of  such  violation,  which  complaint  shall 
be  filed  in  the  office  of  the  clerk  of  the  district  court,  or  with  any 
justice  of  the  peace  of  the  county  within  which  the  offense  may  have 
been  committed,  or  with  any  police  justice  or  recorder  of  the  town- 
ship, city,  or  other  municipality  within  which  any  local  board  bring- 
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ing  suit  shall  have  jurisdiction;  and  the  district  court,  justice  of  the 
peace,  police  justice,  or  recorder,  with  whom  any  complaint  shall  be 
filed  as  aforesaid,  setting  forth  facts  sufficient  to  show  that  the  ix^nalty 
prescribed  by  the  first  section  of  this  act  has  been  incurred,  is  hereby 
authorized  and  required  to  issue  process  either  in  the  nature  of  a  sum- 
mons or  warrant,  which  process,  when  in  the  nature  of  a  warrant, 
shall  be  returnable  forthwith,  and  when  in  the  nature  of  a  summons 
shall  be  returnable  in  not  less  than  five  nor  more  than  fifteen  days. 
On  the  return  of  such  process,  or  at  any  time  to  which  the  trial  shall 
have  been  adjourned,  the  said  court,  justice  of  the  peace,  police  jus- 
tice, or  recorder  shall  proceed  to  hear  the  testimony  of  witneases  and 
the  proofs  in  the  case,  and  to  determine  and  give  judgment  in  the 
matter  without  the  filing  of  any  pleadings,  and,  if  judgment  shall  be 
given  in  favor  of  the  plaintiff,  execution  shall  forthwith  issue  against 
the  goods  and  chattels  of  the  defendant  for  the  amount  of  the  penalty, 
with  costs;  and  all  judgments  so  rendered  shall  have  the  same  force 
and  effect  as  other  judgments  in  civil  actions  l)efore  civil  courts  and 
officers,  and  may  Iw  docketed  in  like  numner  in  the  offic*e  of  the  clerk 
of  the  court  of  common  pleas;  the  officers  to  serve  and  execute  any 
process  or  execution  issued  as  aforesaid  shall  Ik*  the  constables  of  the 
counties,  which  service  and  execution,  in  the  case  of  any  execution 
issued  out  of  the  district  court,  shall  be  made  in  the  same  manner  and 
under  the  same  liabilities  as  other  executions  issued  out  of  said  court 
are  served  and  executed ;  the  officers  to  serve  and  execute  any  process 
or  execution  issued  by  a  justice  of  the  peace,  police  justice,  or  recorder, 
shall  be  the  constables  of  the  county,  which  service  and  execution 
shall  be  made  in  the  same  manner  and  under  the  same  liabilities  as 
prescribed  in  cases  of  the  service  and  execution  of  processes  and  exe- 
cutions by  the  act  entitled  ''An  act  constituting  courts  for  the  trial 
of  small  causes,"  and  the  supplements  thereto;  all  moneys  recovered 
in  any  such  proceeding  shall  be  paid  to  the  plaintiff  therein  and 
applied  by  such  plaintiff  to  any  purpose  for  which  it  may  be  legally 
authorized  to  expend  money. 

3.  The  State  board  of  health  shall  have  the  general  supervision, 
with  reference  to  their  purity,  of  all  rivers,  brooks,  streams,  lakes, 
ponds,  wells,  springs,  or  other  reservoirs  in  this  State  the  waters  of 
which  are  or  may  be  used  as  the  source  or  sources  of  public  water 
supplies  for  domestic  use,  together  with  the  waters  feeding  the  same, 
and  shall  have  the  authority  from  time  to  time,  as  they  deem  neces- 
sary or  proper,  to  examine  the  same  and  to  inquire  what,  if  any,  pol- 
lutions exist  and  their  causes;  and  the  said  State  board  of  health,  in 
carrying  out  the  provisions  of  this  section,  may  from  time  to  time,  as 
they  deem  it  necessary  or  proper,  address  inquiries  in  printed  or 
written  form  to  any  local  board  of  health,  municipal  or  township 
authority,  corporation,  or  person  or  persons,  which  inquiries  it  shall 


be  iiie  dnty  of  the  persons  or  parties  addressed  to  answer  within  mA 
tima  as  the  said  State  board  of  heal&  may  in  sadi  inquiries  prescrikL 

4.  If  any  person  or  persons,  corporation  or  ccHrporations,  dty,  ta«% 
borough,  township,  or  <rfher  munidpaliiy  of  this  State,  or  any  mmad- 
pal  or  township  aathoritrjr,  shall  violate  any  of  the  proviiaioos  of  ik 
first  section  of  this  ad;,  it  shaU  be  lawful  f6r  the  said  State  board  of 
health,  instead  of  proceeding  in  a  sommary  way  to  recover  the  pen- 
alty prescribed  in  said  section,  to  file  a  bill  in  the  court  of  cfaanoeiy, 
in  the  name  of  the  State,  on  the  rdation  of  sudi  board,  for  an  injmie- 
tion  to  prohibit  the  further  violation  of  the  said  section,  and  erwy 
such  action  shaU  proceed  in  the  court  of  chancery  acccmling  to  the 
rules  and  practice  of  bills  filed  in  the  nune  of  the  attomefy-geneal 
on  the  relation  of  individuals,  and  cases  of  ^nergeni^  sball  hive 
precedrace  over  other  litigaticm  pending  at  the  time  in  the  court  of 
diancery,  and  may  be  heard  on  final  hearing  within  sudi  time  and  on 
such  nc^ce  as  the  diancellor  shall  direct 

6.  All  acts  and  parts  of  acts  inconsistent  with  the  provisimis  of  this 
act  are  hereby  repealed. 

6.  This  act  shall  take  effect  immediately. 

Approved  March  17, 1899. 

(Laws  of  1809,  ciiapt.  810,  9.  68a] 

AN  ACT  to  prevent  tbe  pollution  of  the  waters  of  tbis  State  t^  the  estahllshmoit 

of  a  State  sewerage  commission,  and  authorizing  the  creation  of  sewerage 
districts  and  district  sewerage  boards,  and  prescribing,  defining,  and  r^olatlns 
the  iK)wers  and  duties  of  such  commission  and  such  boards. 

Be  it  enacted  by  the  senate  and  general  assembly  of  the  State  of  New 
Jersey: 

1.  It  shall  be  the  duty  of  the  governor,  within  thirty  days  next  suc- 
ceeding the  approval  or  passage  of  this  act,  to  appoint,  by  and  with 
the  advice  and  consent  of  the  senate,  five  citizens  of  this  State,  to 
compose  and  be  known  as  "•  the  State  sewerage  commission."    In  the 
original  nomination  of  the  members  of  said  commission  to  the  senate 
the  governor  shall  designate  one  of  them  to  serve  for  one  year,  and 
two  for  two  years,  and  two  for  three  years,  and  thereafter  the  mem- 
bers of  said  commission  shall  be  appointed  by  the  governor,  by  and 
with  the  advice  and  consent  of  the  senate,  for  the  term  of  three  years 
and  until  their  successors  are  duly  appointed,  confirmed,  and  quali- 
fied.    Any  vacancy  occurring  in  said  commission  when  the  legislature 
is  not  in  session  shall  be  filled  by  appointment  of  the  governor  untii 
the  next  regular  session  of  the  legislature,  when  such  vacancy  shall 
be  filled  in  the  manner  hereinbefore  provided,  but  any  such  last^ 
mentioned  appointment  and  confirmation  by  the  senate  shall  be  for^ 
the  unexpired  term  only.    Members  of  said  commission,  before  enter- 
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ing  upon  the  duties  of  their  office,  shall  make  and  subscribe  an  oath 
or  affirmation  (before  some  person  authorized  by  the  laws  of  this 
State  to  administer  the  same)  to  truly,  faithfully,  and  impartially 
perform  and  discharge  the  duties  of  their  office  according  to  law  and 
file  the  same  with  the  secretary  of  state.  The  terms  of  office  of  the 
members  of  said  commission  (except  those  appointed  by  the  governor 
to  fill  vacancies  as  aforesaid)  shall  commence  on  the  finst  Monday  of 
May  next  succeeding  their  ap|X)intment  by  the  governor  and  confir- 
mation by  the  senate.  On  the  first  Monday  of  May  next  succeeding 
the  original  appointment  of  said  commission  the  membei*s  thereof 
shall  meet  at  the  statehouse  in  the  city  of  Trenton  and  organize  by 
the  election  of  one  of  their  number  to  be  chairman  of  said  commis- 
sion and  one  to  be  treasurer  thereof,  which  officers  shall  hold  office  at 
the  pleasure  of  the  commission.  After  having  so  met  and  organized 
subsequent  meetings  of  the  conmiission  shall  be  held  at  such  times 
and  places  as  the  commission  may  direct  or  as  it  may  be  called  to 
meet  by  the  chairman. 

2.  Said  commission  shall  keep  a  record  of  all  its  proceedings  and 
transactions,  also  full  and  accurate  account  of  its  receipts,  disburse- 
ments, exi>enditures,  assets,  and  liabilities,  and  shall  annually  report 
to  the  legislature  its  operations,  proceedings,  and  transactions  for  the 
preceding  year,  with  a  statement  or  abstract  of  such  receipts,  dis- 
bursements, expenditures,  assets,  and  liabilities. 

3.  The  members  of  said  commission  shall  each  receive  an  annual 
salary  of  one  thousand  dollars,  to  be  paid  as  other  salaries  of  State 
officers  are  paid.  Said  commission  may  have  a  secretary  (not  a 
member  of  the  commission),  to  l>e  appointed  by  the  commission  or  a 
majority  thereof,  who  shall  hold  his  office  at  the  pleasure  of  the  com- 
mission or  a  majority  thereof,  and  receive  such  salary  as  the  commis- 
sion or  a  majority  thereof,  with  the  approval  of  the  governor,  may 
fix;  said  commission  or  a  majority  thereof  may  also  from  time  to 
time  employ  or  appoint  such  experts,  engineers,  officers,  agents. 
employes,  workmen,  and  servants  as  it  may  deem  necessary  or  proi)er 
to  enable  it  to  perform  its  duties  and  carry  out  the  objects  and  pur- 
poses of  this  act;  and  said  conmiission  or  a  majority  thereof  may 
fix  and  determine  the  duties  and  compensation  of  said  experts,  engi- 
neers, officers,  agents,  employes,  workmen,  and  servants,  and  remove 
or  discharge  the  same  or  any  of  them  at  pleasure. 

4.  It  shall  \ye  the  duty  of  the  secretary  to  keep  a  record  of  all  the 
proceedings  and  transactions  of  the  commission,  to  prepare  the  animal 
xeport  to  the  legislature,  and  perform  such  other  duties  as  the  com- 
mission may  require.  It  shall  lx»  the  duty  of  the  treasurer  to  take 
<:harge  of  the  moneys  received  by  the  conmiission,  to  keep  accurate 
^wcounts  of  the  receipt  and  disbursement  thereof,  and  to  deposit  and 
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pay  aut  said  moneys  as  the  ooininission  may  direct  and  imder 
rules  and  regulations  as  it  may  from  time  to  time  establidu  Hi 
treasurer  may  be  required  to  give  bond  to  the  comniission  tar  Hie  im 
and  faithful  performance  of  his  duties  as  sudi  treasurer,  in  audi  am 
and  with  such  sureties  as  the  commission  or  a  majority  tbenaiwaf 
require  and  approve. 

6.  It'shall  be  the  duty  of  said  commission  to  inye^igate  ttra  tio- 
ous  methods  of  sewage  disposal,  either  in  this  country  or  ehewhen^ 
in  order  that  they  may  be  able  to  make  proper  reomnmendatioiis  in 
regard  thereto.  They  shall  investigate  all  complaints  of  pollutioa  ctf 
the  waters  of  this  State  which  ^all  be  brought  to  their  notice,  and 
shall  advise  as  to  the  best  methods  of  sewage  disposal  in  wikr  to 
prevent  such  pollution. 

6.  It  shall  be  unlawful  for  any  person,  corporation,  or  mnnidpality 
to  build  any  sewer  or  drain  or  sewerage  system  from  whidi  it  is 
designed  that  any  sewage  or  other  harmful  and  deleterious  matter, 
solid  or  liquid,  shall  iBiow  into  any  of  the  waters  of  this  State  so  as  to 

*  pollute  or  render  impure  said  waters,  except  under  such  conditions  as 
shall  be  approved  by  the  State  sewerage  commission:  ProvidedjThti 
the  provisions  of  this  section  shall  not  be  deemed  to  prcdiilnt  the  use 
or  extension  of  existing  sewers,  drains,  or  sewerage  systems* 

7.  It  shall  be  unlawful  for  any  person,  corporation,  or  municipaHty 
to  build  or  cause  to  be  built  any  plant  for  the  treatment  of  sewage  or 
other  polluting  substance  from  which  the  effluent  is  to  flow  into  any 
of  the  waters  of  this  State,  except  under  such  conditions  as  shall  be 
approved  by  the  State  sewerage  commission,  to  whom  the  plans  shall 
be  submitted  before  building. 

8.  On  or  before  the  first  day  of  January,  one  thousand  nine  hun- 
dred, and  thereafter  whenever  required  by  said  commission,  the  mayor 
of  every  municipality  and  the  chairman  of  every  township  committee 
of  every  township  now  having,  using,  owning,  leasing,  or  controlling 
a  sewerage  plant  or  system  shall  furnish  to  said  commission,  on  blanks 
to  be  provided  by  said  commission,  a  statement  showing  the  disposi- 
tion made  of  the  sewage  of  their  respective  municipalities  or  town- 
ships, and,  as  near  as  possible,  the  amount  discharged  each  twenty- 
four  hours,  and  such  other  information  and  data  as  may  be  caUed  for 
by  said  blanks  to  be  provided  as  aforesaid  by  said  commission. 

9.  The  words  ''  waters  of  this  State,"  as  used  in  this  act,  shall  be 
held  and  construed  to  mean  and  include  any  and  all  waters  of  any 
pond,  lake,  creek,  inlet,  bay,  estuary,  river,  or  stream  of  this  State. 

10.  To  enable  said  commission  to  carry  out  and  enforce  the  provi- 
sions of  this  act,  the  said  commission  may  expend  a  sum  not  exceeding 
five  thousand  dollars,  when  duly  appropriated. 

11.  And  whereas,  in  order  to  prevent  the  pollution  of  the  waters  of 
this  State,  it  is  deemed  necessary  to  establii^  a  proper  system  or  sys- 
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terns  of  sewerage  and  drainage  wherein  may  or  may  not  be  included 
a  system  or  systems  of  sewage-disposal  works  for  the  scientific  treat- 
ment and  proper  disposal  of  sewage  and  sewage  matter  and  the  efflu- 
ent thereof,  and  the  establishment  of  any  such  system  or  systems 
may  render  proper  or  necessary  the  formation  or  creation  of  sewerage 
districts  embracing  portions  or  the  \vhole  of  the  territory  of  two  or 
more  of  the  municipalities  of  this  State,  within  which  districts  such 
system  may  be  constructed,  maintained,  and  operated,  and  such 
municipalities  may  be  unable,  through  lack  of  i)ower  and  authority 
or  otherwise,  to  agree  upon  the  establishment  of  any  such  system  or 
systems  or  upon  the  extent  or  limits  of  the  territory  of  their  respec- 
tive municipalities  to  be  included  in  any  such  district  or  districts  and 
devoted  to  the  uses  and  purposes  of  any  such  system  or  systems  as 
aforesaid;  therefore  upon  presentation  to  said  the  State  sewerage 
commission  of  a  petition  in  writing,  setting  fortli  that  in  order  to  pre- 
vent the  pollution  of  the  waters  of  this  State,  or  any  of  them,  it  is 
proper  or  necessary  tliat  [mrtions  or  the  whole  of  the  territory  of  two 
or  more  of  the  municipalities  of  this  State  should  1k»  erected  into  a 
sewerage  district  for  the  construction,  maintaining,  and  operation 
within  such  district  of  a  system  of  sewerage  and  drainage  or  a  system 
of  sewage-disposal  works,  or  of  both  such  systems,  and  naming  each 
municipality,  the  whole  or  any  portion  of  the  territory  wiiereof  it  is 
proposed  shall  1x5  included  in  such  district,  and  stating  generally  the 
boundaries  and  outlines  of  such  proposed  district  wMth  sufficient 
exactness  to  show  approximately  the  quantity  or  extent  of  territory 
of  each  municipality  to  l^e  embraced  in  such  proposed  district,  and 
requesting  said  commission  to  create  and  establish  such  district  for 
either  or  both  of  the  purposes  aforesaid;  and  if  said  petition  be  signed 
by  the  mayors  or  other  chief  executive  oflTicel^  of  all  of  the  munici- 
palities named  in  said  petition,  any  of  whose  territory  is  j^roposed  to 
be  included  in  said  district,  said  signatures  being  respectively  affixed 
to  said  petition  by  authority  or  direction  of  the  respective  governing 
bodies  of  such  municipalities  (full  powder  and  authority  to  authorize 
and  direct  the  signing  of  any  such  petition  being  hereby  conferred 
upon  and  vested  in  all  such  governing  bodies),  and  the  signing  of 
said  i>etition  by  such  authority  or  direction  Ix^ing.made  to  appear  by 
affidavit  or  other  due  proof  thereof,  it  shall  be  lawful  for  said  the 
State  sewerage  commission  to  appoint  a  time  and  place  when  and 
where  it  will  attend  and  give  public  hearing  of  the  matters  contained 
in  said  petition  to  all  persons  and  parties  interested  therein;  said 
commission  shall  cause  at  least  twenty  days'  notice  to  bo  given  of  the 
time  and  place  of  any  such  hearing  by  publishing  the  same  in  the 
newspaper  or  newspapers,  if  any,  published  within  said  j)roj)osed  dis- 
trict, and  if  none  be  published  therein,  then  in  a  newspaper  or  news- 
papers published  in  the  neighborhood  of  said  propo^d  dv%^\Rl  "^^^ 
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eirculiiting  therein;  said  nodoe  maj  also,  at  the  diaxetion  of  mU 
oommissioii,  be  published  in  a  newsi»per  or  newi^Mtpcvs  pafaiidMd 
outside  of  said  proposed  district,  whether  or  not  any  paper  w  papov 
be  published  within  the  same;  said  commisaon  shall  abo,  at  lent 
ten  days  prior  to  the  day  fixed  for  sudi  hearing,  cause  notice  of  thi 
time  and  place  thereof  to  be  mailed  to  or  seacved  upon  the  mayor  or 
other  chief  executive  office  of  any  and  all  municipalities  named  ia 
said  petition,  any  territory  whereof  is  included  in  said  proposed  di»» 
triet;  and  said  onnmission  may,  if  it  deem  proper  so  to  do^  recpuie  a 
copy  of  said  petition  to  be  mailed  to  or  served  upon  sudi  mayors  or 
other  chief  executive  officers  such  number  of  days  prior  to  said  hair- 
ing as  it  may  direct;  said  hearing  may  be  adjourned  from-time  la 
time  as  said  oonmiission  may  decide;  the  sessi^ms  of  said  oomnusBUia, 
on  said  hearing,  or  any  adjcmmment  thereof,  when  sitting  for  the 
taking  of  testimony  or  hearing  argument  of  counsel,  diall  be  ogm 
and  public,  and  witnesses  may  be  examined  under  oath  w  afBrmatioB, 
whidi  any  member  of  said  comnodssion  or  the  seo^tary  thereof  it 
hereby  authorised  and  empowered  to  administer;  the  secretary  of  ami 
commission  shall  attend  at  all  sudi  hearings  and  kmp  minutes  of  tbs 
proceedings  thereat;  said  conmiission  may,  if  it  daem  proper  so  to  df^ 
employ  a  stenographer  to  take  and  transcribe  the  testimcmy  ^EOdnced 
before  it  at  any  such  hearing;  and  said  commissioii  may  require  the 
persons  or  parties  presenting  to  it  any  sndi  petition  as  afcH-esaid  to 
pay  in  advance  or  assume  or  guarantee  to  pay  all  or  such  part  of  the 
costs,  charges,  and  expenses  to  be  made  or  incurred  by  reason  of  the 
filing  of  said  petition  and  subsequent  proceedings  to  be  had  there- 
upon or  thereunder,  as  said  commission  may  think  proper. 

12.  If,  after  such  hearing,  said  commission,  or  a  majority  thereof, 
shall  deem  it  advisable  to  comply  with  the  request  of  said  petition, 
and  that  a  district  for  the  purpose  or  purposes,  or  either  of  them 
therein  stated,  should  he  created  and  established,  said  commission 
shall  adopt  a  resolution  to  that  effect,  defining  the  limits  and  bound- 
aries of  such  district   with  certainty  and  declaring  the  territory 
included  within  such  limits  and  boundaries  to  be  a  sewerage  district, 
within  which  a  system  of  sewerage  and  drainage,  or  a  system  of 
sewage-disposal  works,  or  both,  may  be  constructed,  maintained,  and 
operated  imder  the  provisions  of  this  act ;  the  said  districts  shall  be 
called  and  known  as  "  sewerage  districts,"  and  the  boards  to  con- 
struct, maintain,  and  operate  the  system  or  systems  of  sewerage  or 
sewage-disposal  works  within  such  district.s  shall  be  called  and  known 
as  ""sewerage  boards;"    in  and  by  said  resolution,  said  commission 
shall  assign  to  the  district  therein  and  thereby  established  a  name 

and  number,  thus,  "  Sewerage  district  number ,"  and  shall  also 

specify  the  name  by  which  the  board  thereafter  to  be  elected  in  such 
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district  shall  be  called  and  designated,  thus,  "  Sewerage  board  of  dis- 
trict number ,"  the  number  of  any  such  district  and  that  of  the 

sewerage  board  therein  to  be  always  the  same.  The  first  sewerage 
district  created  and  established  under  this  act  shall  be  "  Sewerage 
district  number  one,"  the  second  number  two,  and  so  on  in  regular 
order  as  the  same  may  be  respectively  created.  Said  commission 
shall  also  cause  a  map  to  be  prepared  of  said  district  so  created  and 
established,  whereon  and  whereby  shall  be  shown  with  accuracy  the 
limits  and  boundaries  of  such  district,  of  what  municipalities  the 
lands  included  in  said  district  form  a  part,  and  what  extent  or  quan- 
tity of  territory  of  each  municipality  (whether  the  whole  or  a  portion 
thereof)  is  included  in  said  district.  The  original  of  said  map  shall 
be  filed  with  said  commission,  and  within  ten  days  after  the  adoption 
of  said  resolution  a  copy  thereof  and  of  said  map  shall  be  filed  in 
the  office  of  the  secretary  of  state  and  in  the  clerk's  office  of  each 
county  in  which  any  of  the  lands  included  in  said  district  may  be 
situate;  and  from  and  after  the  filing  of  such  resolution  and  maps  as 
aforesaid  the  territory  included  in  said  district  as  stated  and  shown 
in  and  by  said  resolution  and  map  shall  be  deemed  to  be  and  consti- 
tute a  sewerage  district  by  the  name  and  number  and  for  the  pur- 
poses stated  in  said  resolution. 

13.  The  members  of  the  several  sewerage  boards  shall  consist  of 
two  members  from  each  municipality^  in  whole  or  part,  within  the 
sewerage  district,  to  be  appointed  by  the  governing  body  of  each  of 
such  municipalities,  and  one  member  to  be  appointed  by  the  State 
sewerage  commission,  all  of  whom  shall  be  residents  of  the  district ; 
provided  that  in  case  more  than  three  municipalities  shall  be  included 
in  whole  or  part  in  any  sewerage  district  there  shall  be  but  one  mem- 
ber from  each  municipality  in  addition  to  the  number  appointed  by 
the  State  sewerage  commission. 

14.  The  members  of  any  district  sewerage  board  first  appointed 
shall  meet  at  such  time  and  place  as  the  State  sewerage  commission 
shall  designate;  each  member  of  said  board  (and  all  members  thereof 
afterwards  appointed  thereto)  shall  take  and  subscribe  an  oath  or 
affirmation^  before  some  person  authorized  to  administer  the  same,  to 
faithfully  and  truly  perform  his  duty  as  member  of  such  board  to  the 
best  of  his  ability,  and  within  two  days  after  making  thereof  forward 
the  same  to  the  secretary  of  state;  said  lx)ard  when  met  as  aforesaid 
(the  members  thereof  having  each  made  and  subscribed  said  oath  or 
affirmation)  shall  organize  by  the  election  of  one  of  their  numl)er  as 
ehainnan,  one  as  secretary,  and  one  as  treasurer;  the  members  of  said 
board  shall  serve  for  the  term  of  three  years  each,  and  the  terms  of 
such  members  shall  commence  on  the  date  of  their  first  meeting  as 
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de^gnated  by  the  State  sewerage  ccmunission;  the  duuiman,  Brnt- 
tary,  and  treasurer  of  said  board  shall,  ree^iectiTely,  serve  for  tht 
I)eriod  of  one  year  and  until  their  suooessors  are  elected;  a  certifioili 
or  statement  of  such  meeting  and  wganization  of  said  board  diall,  ci 
the  day  of  such  meeting,  be  prepared  and  mailed  to  the  secretazy  oi 
state,  to  be  filed  in  his  office;  meetings  of  said  board  subsequeDt  to 
such  first  meeting  for  organizaticm  shall  be  held  at  sach.  times  and 
places  as  the  board  may  decide  or  as  it  may  be  called  to  meet  by  flit 
chairman. 

15.  From  and  after  such  meting  and  cnrganization  of  said  board 
and  the  filing  of  sudi  certificate  as  aforesaid,  said  board  sball  fat 
deemed  to  be  and  shall  be  a  body  pditic  and  ocnpcurate,  under  flir 
same  name  and  title  as  that  designated  and  specified  in  the  resolotkn 
of  the  State  sewerage  commission  creating  and  defimng  the  said  sem- 

erage  district,  to  wit,  ^  Sewerage  board  of  district  number ^^  and 

by  such  name  and  title  said  sewerage  board  shall  have  perpetul  suc- 
cession, with  power  to  sue  and  be  sued,  and  ibe  right,  power,  and 
authority  to  acquire,  hold,  use,  and  dispoee  of  all  sudi  property,  real 
or  personal,  as  may  be  proper  or  necessary  tor  the  objects,  uses,  and 
purposes  for  which  said  sewerage  board  was  created,  and  with  all 
other  powers  necessary  or  incident  to  bodies  politic  and  cotpontB  qr 
that  may  be  necessary  or  proper  to  carry  out  and  effectuate  the  objeds 
and  purposes  of  this  act  and  the  objecte  and  purposes  for  whidi  said 
sewerage  board  was  created. 

16.  Any  such  board  incorporated  as  aforesaid  shall  have  full  power 
and  authority  within  its  respective  district,  under  the  supervision, 
direction,  and  control  of  the  State  sewerage  commission  as  hereinbe- 
fore or  hereinafter  provided,  to  construct,  maintain,  and  operate  in 
said  district  a  system  of  sewerage  and  drainage,  or  of  sewage-dis- 
posal works,  or  both,  with  the  necessary  pipes,  drains,  conduits,  fix- 
tures, pumping  works,  and  other  appliances  for  the  purpose  of  taking 
up  sewage  and  all  other  offensive  and  deleterious  matter  and  con- 
vey the  same  to  some  proper  place  or  places  of  deposit  or  disposal  to 
be  selected  by  the  said  board,  there  to  be  deposited,  treated,  disin- 
fected, or  disposed  of  as  to  the  said  board  may  seem  proper  and  as 
may  be  deemed  most  advantageous ;  and  it  shall  be  the  duty  of  all 
persons  and  all  corporate  bodies  and  municipalities  owning  or  con- 
trolling sewers  or  drains  or  having  charge  thereof  within  the  limits 
of  the  district  wherein  intercepting  or  main  sewers  have  been  or  may 
be  constructed  by  the  said  board  as  herein  provided,  to  cause  the  same 
to  be  connected  therewith ;  and  it  shall  be  the  duty  of  said  board  in 
constructing  such  main  or  intercepting  sewers  to  have  them  so  con- 
structed that  such  connection  can  be  made  therewith  at  all  necessan' 
and  proper  points  and  places;  all  such  connections  shall  be  made  in 
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accordance  with  the  rules  and  regulAtions  from  time  to  time  adopted 
by  the  said  board  in  relation  thereto,  and  under  the  direction  and 
supervision  of  its  officers  and  agents. 

17.  The  said  board  shall  have  power  and  authority  to  purchase  and 
acquire  all  lands,  rights,  or  interest  in  lands  which  may  be  deemed 
necessary  for  the  construction  of  sewers,  drains,  disposal  pumping, 
and  other  works  authorized  by  this  act;  and  if  in  any  case  the  said 
board  shall  be  unable  to  agree  with  the  owner  or  owners  of  any  lands, 
rights,  or  interests  in  lands  deemed  necessary  by  the  said  board  in  the 
construction  of  the  works  herein  authorized,  or  when,  by  reason  of 
the  legal  incapacity  or  absence  of  such  owner  or  owners,  no  agree- 
ment can  be  made  for  the  purchase  thereof,  the  lands  or  rights  in 
lands  so  desired  shall  be  acquired  in  the  manner  provided  by  the 
general  laws  of  this  State  relating  to  the  condemnation  of  lands  for 
public  use. 

18.  Before  determining  upon  the  final  plan  or  route  for  the  build- 
ing or  construction  of  any  work  authorized  by  this  act,  the  said  board 
may,  by  its  officers,  agents,  servants,  and  employes,  enter  at  all  times 
upon  any  lands  or  waters  for  the  purpose  of  exploring,  surveying, 
leveling,  and  laying  out  the  route  of  any  drain  or  sewer,  locating 
any  disposal,  pumping,  or  other  works,  establishing  grades  and  doing 
all  necessary  preliminary  work,  doing,  however,  no  unnecessary  dam- 
age or  injury  to  private  or  other  property. 

19.  The  said  board  shall  have  power  and  authority  to  construct  any 
sewer  or  drain,  by  it  to  be  made  or  constructed  under  or  over  any 
water  course,  under,  over,  or  across,  or  along  any  street,  turnpike, 
road,  railroad,  highway  or  other  way,  and  in  or  upon  private  or  pub- 
lic lands  under  water,  in  such  way  and  manner,  however,  as  not 
unnecessarily  to  obstruct  or  impede  travel  or  navigation,  and  may 
enter  upon  and  dig  up  any  road,  street,  highway,  or  private  or  public 
land,  for  the  puri>ose  of  laying  down  sewers  and  drains  upon  or 
beneath  the  surface  thereof,  and  for  maintaining  and  repairing  the 
same,  and  in  general  may  do  all  other  acts  and  things  necessary,  con- 
venient, and  proper  for  the  purposes  of  this  act;  and  whenever  the 
said  board  shall  dig  up  any  road,  street,  or  way,  as  aforesaid,  it  shall, 
as  far  as  practicable,  restore  the  same  to  as  good  condition  and  order 
as  the  same  was  when  such  digging  commenced. 

20.  The  said  lx)ard  shall  have  power  and  authority  also  to  alter  or 
change  the  coursi*  or  direction  of  any  water  course,  and,  with  the  con- 
sent of  the  lx)ard  or  body  having  control  of  the  streets  and  highways 
in  any  city,  town,  or  nnmicipality,  to  alter  or  change  the  location  or 
grade  of  any  highway,  public  street,  or  way  crosscnl  by  any  sewer  or 
drain  constructed  or  to  l)e  constructed  under  the  provisions  of  this 
act,  or  in  which  such  sewers  or  drains  may  be  located. 
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21.  The  said  board  shall  at  all  times  keep  fuU  and  aocurate 
of  its  receipts,  expenditures,  disbursements;  assets,  and  Iiabilitifl% 
and  shall  annually  make  a  report  of  its  operatiomT  and  doings,  ai 
whidi  report  it  diall  include  an  ab^must  of  such  recei^s,  e^Mnfr 
tures,  diebursements,  assets,  and  liabilities,  and  pnblidi  the  same  m 
one  or  more  newspapers,  publidied  in  eadi  of  tlie  counties  in  sud 
cBstrict. 

22.  To  provide  for  tiie  payment  of  the  costs  and  expenses  inconed 
or  to  be  incurred  by  tibe  said  board  in-making  the  ccmstmctioDs  and 
executing  the  work  and  performing  tlie  duties  imposed  upon  it  hf 
this  act,  it  diall  have  power  and  auth<xrity  frcHn  time  to  time  to  isBOi 
bonds  in  its  corporate  name,  not  to  exceed  in  amount  such  costs  aod 
expenses,  and  not  to  exceed  that  part  of  such  cost  and  expensi 
incurred  in  the  work  of  constructing  sewers,  drains,  disposal,  and 
other  works,  including  the  cost  of  lands,  rights  and  interests  in  landi^ 
of  whidi  a  separate  account  is  to  be  kept  by  said  board  as  hefeinaftv 
provided;  such  bonds  shall  be  of  tlie  form  and  payable  at  soch  tine, 
not  exceeding  tiiirty  years  from  the  date  thereof,  and  at  such  plaee^ 
either  in  currency  or  coin,  as  the  said  board  may  determine;  they  shall 
bear  interest  at  a  rate  not  exceeding  five  per  centum  per  annum;  in 
issuing  such  bonds  the  said  board  may,  in  its  discreti<m^  make  tiie 
same  or  any  part  thereof,  fall  due  at  stated  periods  less  than  thirty 
years,  or  may  reserve  therein  an  option  to  redeem  and  pay  tlie  same  or 
any  part  thereof  at  stated  periods  at  any  time  between  the  date  thereof 
and  the  date  at  which  they  would  otherwise  fall  due,  and  all  such 
bonds  may  be  negotiated,  sold,  or  disposed. of  at  not  less  than  their 
par  value,  and  the  same  or  the  proceeds  thereof  may  be  used  by  the 
said  board  for  the  purpose  aforesaid. 

23.  The  said  board  shall  keep  th>e  costs  and  expenses  of  the  con- 
struction of  sewers,  drains,  disposal  and  other  works,  in  which  shall 
be  included  the  cost  of  lands,  rights,  and  interests  in  lands,  separate 
from  tlie  costs  and  expenses  of  maintenance,  operation,  and  repairs, 
and  shall,  after  having  prepared  and  adopted  plans  (which,  however, 
the  board  or  the  State  sewerage  commission  shall  have  the  power  to 
change  or  modify,  if  such  change  or  modification  shall  be  found  neces- 
sary or  desirable),  make  a  careful  estimate  of  the  cost  and  expense  of 
such  construction,  and  shall  divide  and  apportion  the  same,  accord- 
ing to  their  best  judgment,  to  and  between  the  several  municipalities 
or  parts  thereof  (if  any)  included  within  such  sewerage  districts  rat- 
ably and  proportionally  to  the  benefits  received  or  to  be  received  by 
such  municipalities  or  parts  thereof  from  such  construction,  and  shall 
furnish  to  the  governing  lx)dy  of  each  and  every  municipality  the 
whole  or  any  part  whereof  is  included  in  such  sewerage  district,  8 
statement  of  such  estimated  cost  and  expense  and  of  the  division  an" 
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apportionment  thereof  as  aforesaid,  and  service  of  said  statement 
upon  the  mayor  or  other  chief  executive  officer  or  upon  the  clerk  of 
any  such  municipality  shall  be  deemed  to  be  a  service  upon  the  munici- 
pality; if  the  governing  body  of  any  such  municipality  (whether  a 
whole  or  only  a  part  thereof  is  included  in  such  sewerage  district) 
shall  be  dissatisfied  with  such  division  and  apportionment  and  shall 
within  twenty  days  after  service  thereof  as  aforesaid  expreas  such  dis- 
satisfaction by  a  resolution  adopted  by  a  majority  of  such  body,  then 
it  shall  be  lawful  for  such  body,  in  the  corporate  name  of  such  munic- 
ipality, to  make  application  to  any  justice  of  the  supreme  court  of 
this  State  for  the  appointment  of  three  disinterested  persons,  residents 
of  this  State,  commission  to  review  such  division  and  apportion- 
ment, and  correct,  amend,  revise,  alter,  or  confirm  the  same,  as  they 
or  a  majority  of  them  shall  deem  just  and  proper,  and  it  shall  be  the 
duty  of  said  justice  to  make  such  appointment;  the  commissioners  so 
appointed  (having  respectively  taken  and  subscribed  an  oath  or  affir- 
mation before  some  person  authorized  to  administer  the  same  faith- 
fully and  impartially  to  perform  the  duties  imposed  upon  them  by"), 
shall  forthwith,  at  such  time  and  place  as  they  or  a  majority  of  them 
may  appoint,  and  upon  such  notice  as  the  said  justice  in  the  order 
appointing  said  commissioners  shall  direct  to  be  given,  hear  the  par- 
ties interested  in  said  matter  and  such  proofs  and  witnesses  as  may 
be  produced  before  them ;  said  commissioners  may  adjourn  said  hear- 
ing from  time  to  time  as  occasion  may  require;  on  any  such  hearing 
the  parties,  if  they  so  choose,  may  be  represented  by  counsel,  and  the 
witnesses  may  be  examined  under  oath  or  affirmation,  which  any  of 
said  commissioners  are  hereby  authorized  to  administer;  said  com- 
missioners may  designate  one  of  their  number  to  act  as  chairman  and 
one  to  act  as  clerk  or  secretary;  at  the  conclusion  of  such  hearing, 
and  within  ten  days  thereafter,  said  commissioners,  or  a  majority  of 
them,  shall  correct,  amend,  revise,  alter,  or  confirm  such  division  and 
apportionment  as  they  or  a  majority  of  them  shall  deem  just  and 
proper  under  the  evidence  and  proofs  produced  before  them  and  sliall 
make  and  sign  a  statement  or  certificate  thereof,  which  statement  or 
certificate  shall  be  final  and  conclusive  and  binding  upon  all  parties; 
the  application  for  the  appointment  of  such  commissioners,  the  order 
of  the  justice  appointing  tliem,  the  oath  or  affirmation  of  said  com- 
missioners, and  their  said  statement  or  certificate  shall,  within  two 
days  after  the  making  of  such  statement  or  certificate,  be  filed  with 
the  secretary  of  the  sew^^rage  board  which  made  the  division  or  appor- 
tionment reviewed  by  said  commissioners;  and  such  sewerage  hoard, 
within  five  days  after  the  filing  of  such  statement  or  certificate  as 
aforesaid,  shall  cause  a  certified  copy  thereof  to  be  served  in  manner 

a  So  in  original.  A 
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aforesaid  upon  each  of  the  mimicipalitieB  that  the  origiiial  dimoa 
and  apporti<Hiiiient  made  by  said  sewerage  board  was  aorved  upoBi 
which  certified  cqpj  so  served  shall  be  in  lieu  and  stead  of  that  oag^ 
inally  served  and  (as  aforesaid)  be  final  and  ocmdnaive  and  bindiDg 
upon  all  parties;  if,  in  any  case,  where  <mly  a  part  of  a  munidpalily 
is  included  in  a  sewerage  district,  the  governing  body  of  audi  mimic- 
ipality  shall  not  within  said  tw^ity  days  after  service  upon  it  of  any 
sudi.  original  statement  as  aforesaid  adopt  a  reaolaticm  expcessiBg  ils 
dissatisfactiim  as  afiu'esaid  provided,  then,  and  in  every  audi  otse^  h 
shall  and  may  be  lawful  for  one  or  more  of  the  reaidents  and  tax- 
payers, or  residents  and  nonresident  taxpayers  of  said  sewerage  dto- 
trict,  to  join  in  sudi  applicati<m  as  aforesaid  to  any  jnstioe  ofthe 
supreme  court  for  the  appointment  of  commissioners  to  review,  as 
aforesaid,  the  said  division  and  apportionment,  and  thcirevlpoD  dw 
said  justice  may,  in  his  discr^on,  appdnt  sodi  commisaioilersi  and  if 
such  appointment  be  made,  said  eommisBleDero  shall  fme&oi:  in  Aft 
same  manner,  and  the  proceedings  before  them  had  ahall  be  aianlar 
to  those  hereinbefore  provided,  and  the  statement  or  ctftifteate  iff 
said  commissioners  made  upon  any  audi  last-mentiondd  ap^karfua 
shall  be  final  and  condusive  and  binding  upcm  all  parties. 

24.  The  said  sewerage  board  shall  also,  in  the  manner  hereiidieto 
directed,  serve  upon  or  fumidi  to  each  of  said  munidpalUaes  after 
every  issue  and  sale  of  bonds  a  statement  of  the  amount  of  sndi 
bonds  and  the  date  of  interest  thereon  and  the  proportion  thereof 
allotted  to  each  municipality  (where  such  municipality  is  entirely 
within  the  sewerage  district)  or  (where  only  a  part  of  the  municipal- 
ity is  included  in  the  sewerage  district)  of  the  proportion  of  sudi 
division  and  apportionment  allotted  to  the  part  of  the  municipality 
in  said  sewerage  district;  and  it  shall  be  the  duty  of  each  of  said 
municipalities,  and  of  its  proper  officers,  in  the  next  annual  tax  levy 
made  in  such  municipality  and  in  each  succeeding  year  thereafter  to 
include  and  raise  by  taxation  the  amount  required  to  pay  the  inter- 
est on  the  proportion  of  such  bonded  indebtedness  allotted  to  such 
nninicipality  or  part  thei^eof,  as  the  case  may  be,  and  if  such  munici- 
pality be  entirely  within  such  sewerage  district  then  it  shall  be  the 
duty  of  such  municipalities  to  cause  to  be  levied  and  assessed  therein 
a  sum  equal  to  the  amount  of  interest  so  apportioned  and  allotted  to 
such  municipality  together  with  such  additional  sum,  to  be  divided 
and  apportioned  and  allotted  to  and  between  said  municipalities  or 
partes  thereof  as  aforesaid  as  may  be  necessary  to  establish  and  main- 
tain a  sinking  fund  sufficient  to  pay  the  principal  of  the  bonds  issued 
by  the  said  sewerage  board  under  authority  of  this  act  when  the  same 
fall  due.  If  only  a  part  of  the  municipality  be  included  in  the  sew- 
erage district,  then  it  shall  be  the  duty  of  such  munidpality  and  its 
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proper  officers,  instead  of  levying  and  assessing  the  same  upon  the 
whole  municipality,  to  cause,  in  manner  aforesaid,  the  sum  or  sums 
that  may,  as  aforesaid,  be  apportioned  and  allotted  to  such  part  of 
the  municipality  as  is  included  in  the  sewerage  district  to  be  levied 
and  assessed  in  and  upon  such  part  of  the  municipality  as  is  included 
in  the  sewerage  district,  in  the  same  manner  as  other  taxes  may  be 
levied  and  assessed  therein;  and  it  shall  be  the  duty  of  all  taxing 
officers  and  all  collecting  officers  in  the  said  municipalities  to  levy, 
assess,  and  collect  the  said  amount  or  sums  so  to  be  raised  in  such 
municipalities  or  parts  thereof,  as  the  case  may  be ;  and  it  shall  also 
\)e  the  duty  of  the  collector  of  taxes  in  each  of  the  said  municipali- 
ties, or  other  proper  officer,  to  pay  to  the  sewerage  board  thereunto 
entitled  the  money  so  levied,  assessed,  and  collected.  After  each 
census.  State  or  national,  a  new  allotment  shall  be  made  of  the  sink- 
ing fund  or  redemption  fund  in  the  manner  herein  provided. 

25.  As  soon  as  the  work  of  construction  by  this  act  authorized  (or 
the  cost  and  expense  of  which  a  preliminary  estimate  shall  have  been 
made  as  herein  provided)  has  been  completed  the  said  board  shall 
proceed  at  once  to  ascertain  the  actual  cost  and  expense  of  such  work, 
and  shall  furnish  to  each  of  the  said  municipalities  or  municipal 
divisions  a  statement  of  such  cost  and  expense. 

26.  The  cost  of  maintenance,  operation,  and  repairs,  together  with 
the  cost  of  supervision,  and  all  other  expenses  of  every  kind  not 
included  in  the  cost  and  expense  of  construction,  shall  be  annually 
estimated  by  the  said  board  and  divided  and  apportioned  between  the 
said  several  municipalities  or  parts  thereof  upon  thesame  basis  as 
herein  provided  for  the  division  of  the  cost  and  expense  of  construc- 
tion ;  and  that  the  same,  when  so  divided  and  apportioned,  shall  be 
levied,  assessed,  collected,  and  paid  annually  in  the  same  manner  pro- 
vided for  the  levying,  assessment,  and  collection  of  the  cost  and 
expense  of  construction :  Provided^  however^  That  if  at  the  end  of  any 
year  when  such  cost  and  expense  shall  have  been  accurately  ascer- 
tained such  estimate  shall  be  found  to  have  been  more  or  less  than  the 
proper  proportion  of  any  such  municipality,  then  the  surplus  or  defi- 
ciency, as  the  case  may  be,  shall  be  deducted  from  or  added  to  the 
sum  to  be  levied,  assessed,  and  collected  for  the  succeeding  year. 

27.  The  said  board  shall,  immediately  after  receiving  from  the  said 
municipalities,  or  either  of  them,  or  from  the  collector  or  treasurer 
of  any  such  municipality,  any  moneys  on  account  of  the  apportion- 
ment made,  as  hereinbefore  provided,  or  as  soon  thereafter  as  prac- 
ticable, cause  the  same  to  be  invested  in  securities,  the  character  of 
which  shall  be  the  same  as  required  by  law  for  savings  banks  of  this 
State,  except  so  much  thereof  as  may  be  required  to  pay  interest  due 
or  to  fall  due  during  the  current  year;  and  all  such  funds,  and  the 
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seeurities  in  whidi  the  same  w  any  part  thereof  AmU  be  iniwtod, 
and  the  interest  received  therefrom,  shall  be  held,  used,  and  apjrfied 
by  the  said  board  as  a  sinking  fond  to  meet  and  pay  the  interest  and 
principal  on  the  bonds  issaed  by  the  said  board  under  the  autiuir^ 
id  this  act,  and  for  no  other  purpose  whatever,  until  all  sudi  bonds 
and  all  arrears  of  interest  thereon  are  fully  paid.    It  shall  be  the 
duty  of  said  sewerage  board  to  include  in  its  annual  report  theamoiinft 
of  money  received  by  it  for  tiie  purposes  aforesaid,  the  sources  from 
which  such  mon^  was  reorived,  and  the  investment  of  the  same;  and 
the  said  board  siiall  keep  a  record  and  account  of  all  bon^  issued 
by  it,  when  the  same  faU  due,  the  time  and  place  of  payment,  tnd 
the  rate  of  interest  thereon,  and  of  the  amount  received  cm  the  ade 
dr  disposition  thereof,  and  diall  also  keep  an  account  of  all  mooefs 
invested,  held,  and  used  as  a  siiddng  fuinl,  and  of  the  securities  in 
which  the  same  may  be  invested.    The  books,  records,  acooontB, 
papors,  and  docum^its  of  the  said  board  shall  be  open  to  the  inqw- 
tion  of  any  porscm  appointed  by  the  governing  body  of  any  munid- 
paHty  within  said  district  to  inspect  the  same:  Provided^  however^ 
That  in  case  the  said  board  shall  issue  bonds  whidi  shall  fiill  duend 
4)ecome  payable  at  stated  periods  less  than  thirty  years,  or  diall  leUin 
in  any  such  issue  the  option  to  redemi  bonds  prior  to  the  datei^wbidi 
they  would  otherwise  fall  due  as  hereinbefore  provided,  then  it  flhaH 
be  lawful  for  the  said  board  to  make  application  of  the  moneys 
received  by  it  from  the  several  municipalities  and  of  the  funds  tem- 
porarily invested  by  the  said  board  so  received  for  the  purpose  of  pay- 
ing off  and  discharging  the  said  obligations  according  to  their  tenor 
and  effect. 

28.  During  the  year  preceding  the  year  in  which  the  bonds  issued 
under  the  authority  of  this  act  shall  fall  due  the  said  board  shall 
cause  a  careful  computation  to  be  made  of  the  moneys  that  will  be 
available  for  the  payment  of  the  same,  and  if  it  shall  be  found  that 
any  deficiency  will  exist  in  the  fund  that  will  be  available  therefor, 
after  the  application  of  moneys  received  and  the  use  of  all  securities 
held,  such  deficiency  shall  he  apportioned  and  allotted  to  the  said 
municipalities  in  the  same  manner  and  upon  the  same  basis  as  the 
original  apportionment,  and  shall  be  added  to  the  amount  so  levied, 
assassed,  collected,  and  paid  by  the  said  municipalities,  respectively, 
in  the  succeeding  year;  and  if  any  excess  shall  be  found  to  exist  in 
such  fund  the  surplus  shall  be  credited  to  each  of  the  said  munici- 
palities in  the  same  proportion  and  deducted  from  future  estimates 
of  the  respective  shares  or  proportions  of  such  municipalities  of  the 
cost  and  expense  of  maintenance,  operation,  and  repairs. 

29.  In  and  about  the  performance  and  discharge  of  the  duties 
imposed  upon  it  by  this  act  any  such  sewerage  board  as  aforesaid, 


QOODMX.1         SEVERE   STATUTE   BESTRICTIONS — NEW   JERSEY.  105 

or  a  majority  thereof,  may  employ  such  experts,  engineers,  contract- 
ors, officers,  agents,  employes,  clerks,  workmen,  and  servants  as  it 
may  deem  necessary  or  proper  to  enable  it  to  perform  its  duties  and 
carry  out  the  objects  and  purposes  of  this  act;  and  said  board,  or  a 
majority  thereof,  may  fix  and  determine  the  duties  and  compensa- 
tion of  such  experts,  engineers,  contractors,  officers,  agents,  employees, 
clerks,  workmen,  and  servants,  and  remove  or  discharge  the  same, 
or  any  of  them,  at  pleasure. 

30.  The  secretary  of  any  such  sewerage  board  shall  keep  a  record 
of  all  the  proceedings  and  transactions  of  said  board ;  under  the  direc- 
tion of  said  board  he  shall  prepare  the  estimate,  division,  and  appor- 
tionment provided  for  in  section  twenty-six  hereof;  he  shall  prepare 
the  annual  report  of  said  board  and  perform  such  other  duties  as  the 
tx>ard  may  from  time  to  time  require.  The  secretary  shall  receive  an 
annual  salary,  to  be  fixed  by  the  board,  or  a  majority  thereof,  but  he 
shall  not  receive  any  per  diem  allowance. 

31.  The  treasurer  of  any  such  sewerage  board  shall  have  charge  and 
custody  of  all  moneys  and  securities  received  or  owned  or  held  by  said 
board ;  he  shall  keep  accurate  record  and  account  of  the  receipt,  dis- 
bursement, and  disposition  of  all  such  moneys  and  securities,  and 
invest,  deposit,  dispose  of,  disburse,  and  pay  out  the  same  at  such 
times  and  in  such  manner  as  the  board  may  direct,  and  under  such 
rules  and  regulations  as  it  may  from  time  to  time  establish.  The 
treasurer  shall  give  bond  to  such  board  for  the  due  and  faithful  per- 
formance of  his  duties  as  such  treasurer  in  such  sum  and  with  such 
sureties  as  the  board,  or  a  majority  thereof,  may  require.  The  treas- 
urer shall  receive  an  annual  salary,  to  be  fixed  and  determined  by  the 
board,  or  a  majority  thereof,  but  he  shall  not  receive  any  per  diem 
allowance. 

32.  The  members  of  any  such  board,  except  the  secretary  and  treas- 
urer thereof,  when  actually  engaged  in  and  about  the  business  of  said 
board,  shall  receive  a  per  diem  compensation  of  five  dollars;  said  per 
diem  compensation,  and  the  salaries  to  be  paid  the  secretary  and  treas- 
urer, shall  l)e  included  in  said  estimate  hereinbefore  mentioned. 

33.  Any  such  sewerage  board  is  authorized  and  empowered  to  rent 
an  office  or  offices  as  may  be  required  for  the  due  transaction  and 
carrying  out  of  its  work  and  duties,  and  to  properly  equip  and  fur- 
nish such  office  or  offices,  the  expense  thereof  to  be  included  in  said 
estimate  mentioned  in  section  twenty-six  hereof. 

34.  This  act  shall  take  effect  immediately. 
Approved  March  24, 1899. 
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▲N  ACT  avtborlidjig  Ite  appobrtmeot  and  dilliitiif  tiie  powers  and  dntta  «r 
oommlSBloiieni  In  aewage  and  dialsaga  dtotriclB  cmtad  tar  tiie  pmpwe  of 
rellevUig  the  siteame  and  riTen  tlierelii  tnm  p^^otfon*  and  to  provide  t  ptai 
for  tibe  preventioii  tiierecxC  and  proTldlng  fqt  tbe  raifltng;  eqienditnre^  aol 
payment  of  mooeja  neoeaNucy  for  this  porpoaa 

Be  it  enacted  hy  the  aenate  and  general  Oimembly  of  the  Stak  n/f 
New  Jereey: 

1.  Upon  the  Greati0Ei  and  inoorparmtum  by  the  legisUtore  of  i&j 
sewerage  and  drainage  distriot  for  tfart)  pnrpoee  m^itioiied  in  thetida 
of  this  act  it  dudl  be  the  duty  of  the  governor  of  this  State  fiMiliirith 
to  appoint  therein  and  therefor  five  able  and  discreet  men,  residoiii 
within  such  district  (having  regard  in  making  sodi  appointmentBto 
locality,*  so  that  eadi  secdim  of  the  dislxict  may  be  represmted,  is 
far  as  practicable),  who,  when  so  appointed,  commisBioiied,  aal 
sworn,  shall  ccmstitate  a  board  of  commissiimers,  to  be  known  as  Ak 

— ', di^;rict  sewwage  and  drainage  omaamissicmans  (inserting  » 

eadi  case  in  the  blank  space  the  name  of  the  district  designatud  m 
the  act  of  incorporation),  and  the.. persons. so  a{]^inted  shall  reoeife 
as  compensation  fm  their  services. an  annual  salary  of  twenty-fiw 
hmidred  dollars,  payaUe  in  equal  monthly  installments.  Bi  makfaig 
the  first  appointments  under  this  act  the  members  of  the  said  board 
shall  be  appoints  as  follows:  One  for  a  term  of  one  year,  one  for  t 
term  of  two  years,  one  for  a  term  of  three  years,  one  for  a  term  of 
four  years,  and  one  for  a  term  of  five  years,  and  thereafter  one  diall 
be  appointed  each  year  for  a  term  of  five  years.  Any  vacancy  occur- 
ring in  the  said  board  by  death,  resignation,  or  otherwise,  shall  be 
filled  in  the  same  manner  as  the  original  appointment  for  the  balance 
of  the  term.  Each  of  the  said  commissioners  so  appointed  shall, 
before  they  enter  upon  the  duties  of  their  office,  take  and  subscribe  an 
oath  that  they  will  faithfully  and  impartially  execute  and  perform 
the  duties  imposed  upon  them  by  law,  and  cause  the  same  to  be  filed  in 
the  office  of  the  secretary  of  state  of  this  State.  The  governor  of  this 
State  shall  have  power  to  remove  such  commissioners  from  office  for 
cause  during  their  term  of  office  and,  upon  removal,  to  fill  the  vacancy 
thus  occasioned  for  the  unexpired  term  in  the  manner  herein  pro- 
vided for  filling  vacancies. 

2.  The  said  board  shall,  as  soon  as  may  be  after  appointment,  and 
annually  thereafter  on  the  first  Tuesday  in  May  in  each  year,  organize 
by  the  choice  of  one  of  its  members  as  chairman,  and  may  elect  a 
clerk,  who  may  or  may  not  be  a  member  of  the  said  board,  and  may 
from  time  to  time  appoint  such  agents,  officers,  and  servants  and 
employ  sucb  engineers  and  assistants  as  it  may  deem  necessary  to 
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•arry  out  the  purposes  of  this  act,  and  may  determine  their  duties 
ind  compensation  and  remove  the  same  at  its  pleasure. 

3-  The  said  board  of  commissioners,  when  duly  organized,  shall  be 
teemed  to  be  and  shall  become  a  body  corporate,  with  power  to  sue 
md  be  sued  and  with  the  right  to  acquire,  hold,  use,  and  dispose  of 
til  such  property  as  may  be  necessary  for  the  uses  and  purposes  for 
srhich  the  said  board  was  created  and  with  all  other  necessary  powers 
ncident  to  corporate  bodies. 

4.  When  duly  organized,  the  said  commissioners  shall  at  once,  with 
he  aid  and  assistance  of  such  engineers  and  other  agents  as  they  may 
[eem  .proper,  proceed  to  investigate  methods  and  plans  for  relieving 
he  streams  and  rivers  within  the  sard  district  from  pollution  and  for 
)re  venting  the  pollution  of  the  same,  and  to  determine  the  apportion - 
nent  of  the  capacity  of  sewer  provided  for  each  municipality  in  any 
ntercepting  sewer,  sewers,  or  disposal  works :  Provided^  That  before 
L  final  determination  as  to  the  plan  or  method  to  be  adopted  for  the 
>urpose,  an  opportunity  shall  be  given  the  governing  body  of  each 
nunicipality  to  be  heard  in  relation  thereto,  and  after  said  hearing, 
ks  soon  as  the  said  commissioners  have  adopted  a  plan  or  method  for 
his  purpose,  they  shall  report  the  same  to  the  respe<;tive  municipal- 
ties  of  the  district  and  to  the  legislature  of  this  State,  together  with 
I  bill  providing  therefor  and  for  the  expenses  thereof. 

5.  Before  determining  upon  the  final  plan  or  route  for  the  building 
>r  construction  of  any  work  investigated  under  this  act  the  said 
x>ard  may,  by  its  officers,  agents,  servants,  and  employees,  enter  at  all 
imes  upon  any  lands  or  waters  for  the  purpose  of  exploring,  survey- 
ng,  leveling,  and  laying  out  the  route  of  any  drain  or  sewer,  locating 
my  disposal,  pumping,  or  other  works,  establishing  grades,  and  doing 
ill  necessary  preliminary  work  in  the  way  of  designating  locations, 
Icing,  however,  no  unnecessary  damage  or  injury  to  private  or  other 
>roperty. 

6.  The  said  board  shall  at  all  times  keep  full  and  accurate  account 
)f  its  receipts  and  expenditures,  disbursements,  assets,  and  liabilities, 
ind  shall  annually  cause  a  detailed  statement  thereof  to  be  published 
n  one  or  more  newspapers  published  or  circulating  in  the  respective 
nunicipalities  in  said  district. 

7.  To  provide  for  the  payment  of  the  cost  and  expense  incurred  or 
JO  be  incurred  by  the  said  board  in  investigating  and  performing  the 
luties  imposed  upon  it  by  this  act,  one-half  of  said  cost  of  <»  expense 
shall  be  paid  out  of  the  State  treasury  on  certificate  of  the  governor 
JO  the  comptroller,  who  shall  draw  his  warrant  on  the  State  treasurer 
in  favor  of  the  said  board  for  the  amount  thereof,  the  same  to  be 

•So  In  original. 


ascertained, on  a  duly  verified  statemeit  of  sach  expenses  being  fikd 
witJi  the  governor  and  in  the  office  of  the  secretary  of  state;  as  to  the 
balance  of  the  said  costs  and  expense  incurred  (mt  to  be  ineaned 
under  this  act,  the  said  board  diall  have  power  and  autbmrity : 

L  To  issue  from  time  to  time,  for  the  said  one-half  of  the  costs  and 
expenses,  tempcHrary  oertificates,  to  run  for  a  period  not  to  eioeed 
two  years,  the  aggrq^ate  issue  of  said  certificates  not  to  exceed  the 
sum  of  twenty-five  thousand  dollars;  such  certificates,  when  iasoed, 
diall  be  deemed  and  considered  the  indebtedness  of  tbe  sewerage  and 
drainage  district,  uid  shall  constit^ute  a  charge  upon  persons  and 
property  th^^ein,  and  shall  be  retired  and  paid  in  the  nuumer  herm- 
after  provided.- 

IL  The  said  board  shall  have  power  and  authority  to  order  and 
cause  a  tax  to  be  levied,  assessed,  and  collected  upon  perscms  and  jhpo|k 
erty  within  the  said  sewerage  and  drainage  district  the  proceeds^f 
wfaiQl^to  be  used  in  payment  of  the  said  certificates  and  the  mim0 
due'^ild  to  grow  thereon;  the  amount  to  be  assessed  and  coIl«||| 
in  tM  respective  municipalities  onnposing  such  districts  dialL  la 
deteMiined  by  the  said  board,  uid  shall  be  app<»ti<med  aceordiivd, 
ihe  itttcable  ratptbles  of  the  last  preceding  year  as  returned  bj'ia 
taxiigf  officers  in  said  distrid;,  and  a  certificate  by  the  said  boiid 
diall  be  filed  with  the  taxing  officers  of  such  municipalities  compos- 
ing the  said  sewerage  district,  and  it  shall  be  the  duty  of  the  taxing 
officers  within  the  said  municipalities  included  in  the  said  sewerage 
and  drainage  district,  to  levy,  assess,  and  collect  and  pay  over  to  the 
said  commissioners  any  tax  ordered  by  them  to  be  a&sessed  by  virtue 
of  the  provisions  of  this  act. 

8.  It  shall  be  the  duty  of  the  said  board  annually  to  make  and  file 
with  the  secretary  of  state  of  this  State  a  report  showing  the  amount 
of  money  received  by  it  for  the  purposes  aforesaid,  sources  from 
which  money  was  received,  and  the  expenditure  of  the  same;  and  it 
f?hall  be  the  duty  of  the  said  board  to  keep  an  account  of  all  certifi- 
cates issued  by  it,  when  the  same  fall  due,  the  time  and  place  of  pay- 
ment, the  rate  of  interest  thereon,  and  of  the  amount  received  on  the 
sale  or  disposition  thereof;  and  the  books,  records,  accounts,  papers, 
and  documents  of  the  said  board  shall  be  open  for  the  inspection  of 
the  governor  of  this  State,  or  any  person  or  persons  whom  he  may 
appoint  to  inspect  the  same. 

9.  For  the  purpose  of  carrying  out  the  provisions  of  this  act  with 
dispatch  the  sum  of  twenty-five  thousand  dollars  is  hereby  appropri- 
ated by  the  State  out  of  any  moneys  now  in  the  State  treasury  not 
otherwise  appropriated,  and  the  governor  is  hereby  authorized  and 
empowered  to  give  an  order  on  the  comptroller  for  advanced  pay- 
ments to  the  said  board  on  account  of  the  State's  share  of  such  ex- 
penses to  be  incurred. 
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10.  When  the  said  board  of  commissioner^^  are  appointed  and 
organized  under  this  act  it  shall  have  absolute  control  of  and  supervi- 
sion over  the  prevention  of  pollution  throughout  the  said  sewerage  or 
drainage  district  for  which  the  said  commissioners  were  appointed, 
exclusive  of  any  other  body  or  board  in  this  State  now  having  control 
of  the  same:  Provided^  however^  That  nothing  herein  contained  shall 
in  any  way  affect  or  delay  or  interfere  with  any  action  or  proceedings 
which  may  have  heretofore  been  taken  by  the  State  sewerage  commis- 
sion for  the  purpose  of  preventing  pollution  in  said  sewerage  district, 
or  that  may  hereafter  be  taken  by  said  State  sewerage  commission  for 
the  enforcement  thereof. 

11.  All  acts  or  parts  of  acts  inconsistent  with  the  provisions  of  this 
act  be,  and  the  same  are  hereby,  repealed,  and  this  act  shall  take  effect 
immediately. 

Approved  March  27,  1902. 

[Act  passed  by  the  special  session  of  the  legislature  convened  April  21,  1903.     Laws  of 

1903,  p.  777.] 

AN  ACT  to  relieve  from  pollution  the  rivers  and  streams  within  the  Passaic 
Valley  sewerage  district  established  and  defined  by  an  act  of  the  legislature 
entitled  "An  act  to  create  a  sewerage  district  to  be  called  the  Passaic  Valley 
sewerage  district,"  approved  March  twenty-seventh,  one  thousand  nine  hun- 
dred and  two.  and  for  this  purpose  establishing  therefor  a  district  Iward  of 
commissioners,  defining  its  powers  and  duties,  and  providing  for  the  ai)point- 
ment,  terms  of  office,  duties,  and  compensation  of  such  commissioners,  and 
further  providing  for  the  raising,  collecting,  and  expenditure  of  the  necessary 
moneys. 

TMiereas  the  legislature  of  this  State  has  created  and  defined  a  sew- 
erage district,  embracing  a  large  number  of  municipalities  and  parts 
of  municipalities,  in  the  counties  of  Passaic,  Bergen,  Hudson,  and 
Essex,  under  the  name  of  the  Passaic  Valley  sewerage  district ;  and 

Whereas  the  Passaic  River  and  many  streams  flowing  into  it  within 
said  sewerage  district  are  polluted  by  sewage  and  other  deleterious 
matter  to  the  extent  that  the  health  of  the  people  residing  in  said 
district  is  seriously  endangered ;  and 

Whereas  immediate  relief  therefrom  is  imperative;  and 

Whereas  the  governor  of  this  State,  by  sanction  of  the  legislature, 
has  appointed  five  commissioners  for  said  district  with  power,  among 
other  things,  to  investigate  methods  and  plans  for  relieving  the 
streams  and  rivers  within  said  district  from  pollution,  and  for  j)re- 
venting  the  pollution  of  the  same;  and 

\\Tiereas  said  commissioners  hav(»  adopted  an  effectual  plan  or 
method  for  relieving  the  streams  and  rivers  within  said  district  from 
pollution,  and  for  preventing  the  pollution  of  the  same,  and  have 
reported  said  plan  or  method  to  the  legislature;  and 

Whereas  in  order  to  carry  into  effect  such  plan  or  method,  wit' 
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such  modifications  or  additions  thereto  as*  shall  h^^eafter  be  appraned 
by  said  commissioners,  it  is  necessary  that  farther  and  greater  power 
be  given  to  said  commissioners: 

Be  it  enacted  by  the  senate  and  general  aesemblff  of  the  State  of 
New  Jersey: 

1.  The  commissioners  heretofore  appointed  by  the  govi^mor  of  tlik 
State  in  and  for  the  Passaic  Valley  sewerage  district  shall  ocmtmiM 
in  their  respective  offices  for  the  terms  for  whidi  they  w^re  sevenHy 
appointed,  and  said  terms  are  hereby  extended  to  the  first  Tuesdiy 
of  May  succeeding  the  date  when  their  tcttas  under  said  appointmontB 
would  respedively  e:icpire;  and  hereafter  one  commissioii^  shall  be 
appointed  by  the  governor,  by  and  with  the  advice  and  consent  of  Ae 
senate,  in  each  year  for  a  term  of  five  years,  beginning  cm  the  first 
Tuesday  of  May  next  following  the  date  of  his  appointment  Any 
vacancy  occurring  in  the  office  of  ccmmiissicmer  by  death,  resignatioD, 
or  otherwise  shall  be  filled  by  the  governor,  but  for  the  unexpired 
term  only.  Each  of  the  said  commissioners  hereafter  appointed,  be- 
fore he  enters  upon  the  duties  of  his  office,  shall  take  and  subsaribe  to 
oath  that  he  will  faithfully  and  impartially  execute  and  perform  the 
duties  imposed  upon  him  by  law,  and  cause  the  same  to  be  filed  in 
the  office  of  the  secretary  of  state  of  this  State.  The  ccxnmiasioiiers 
shall  each  receive  for  services  under  this  act  an  annual  salary  of 
twenty-five  hundred  dollars,  payable  in  equal  monthly  instaUm^ts, 
and  the  said  conimissioners  shall  henceforth  receive  no  other  com- 
pensation than  that  provided  under  this  act.  The  governor  of  this 
State  shall  have  power  to  remove  any  commissioner  from  office  for 
cause  during  his  term  of  office,  and  upon  removal  to  fill  the  vacancy 
thus  occasioned  for  the  unexpired  term.  In  making  appointments, 
either  for  full  terms  or  to  fill  vacancies,  regard  shall  be  had  by  the 
governor  both  to  ability  and  fitness,  and  also  to  locality,  so  that  each 
section  of  the  district  may  be  represented  as  far  as  practicable.  No 
commissioner  shall  be  directly  or  indirectly  interested  in  any  contract 
awarded  under  the  provisions  of  this  act,  nor  in  furnishing  materials 
or  supplies  therefor  to  any  contractor,  nor  in  furnishing  security  for 
the  performance  of  any  contract.  If  at  any  time  it  shall  appear  to 
the  satisfaction  of  the  governor  of  this  State  that  any  commissioner  is 
or  has  been  so  interested,  or  is  or  has  been  a  stockholder  in  any  cor- 
poration furnishing  material  or  supplies  to  any  contractor  for  work 
done  or  to  be  done  under  the  provisions  of  this  act,  or  that  he  is  the 
owner  of  any  lands  or  water  or  water  rights  taken  or  to  be  taken  or 
used  in  or  for  the  construction  of  any  work  under  the  provisions  of 
this  act,  or  a  stockholder  in  any  corporation  owning  or  leasing  any 
such  lands  or  waters  or  water  rights,  it  shall  be  the  duty  of  the  gov- 
ernor to  remove  such  commissioner  from  office  forthwith,  and  all  con- 
tracts  made   by   such   sewerage   commissioners   wherein   any   such 
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ammissioner  shall  have  been  interested,  directly  or  indirectly,  as 
foresaid,  or  otherwise,  shall  thereupon  become  and  be  null  and  void, 
nd  no  further  payments  on  account  thereof  shall  be  made  by  said 
dwerage  commissioners. 

2.  The  said  commissioners  shall,  on  the  first  Tuesday  in  May  of 
ach  year,  at  the  hour  of  two  o'clock  in  the  afternoon,  organize  by 
he  choice  of  one  of  their  members  as  chairman  of  the  board,  and 
hey  may  elect  a  treasurer,  who  may  or  may  not  be  a  member  of  the 
K>ard,  and  a  clerk,  who  may  or  may  not  be  a  member  of  the  board, 
md  may  also  from  time  to  time  appoint  such  other  officers,  attorneys, 
igents,  employees,  and  servants,  and  such  engineers  and  assistants  as 
hey  may  deem  necessary  to  carry  out  the  purposes  of  this  act,  and 
nay  prescribe  the  duties  and  fix  the  com|:>ensation  of  all  officers, 
ittomeys,  agents,  employees,  servants,  engineers,  and  assistants :  and 
ill  appointees  of  said  commissioners  may  be  removed  at  their  pleas- 
ire.  The  organization  of  said  board  and  the  appointment  of  officers, 
\gents,  clerks,  servants,  engineers,  and  assistants  heretofore  made  by 
the  said  board  shall  have  the  same  effect  as  if  made  under  this  act. 

3.  The  said  commissioners  heretofore  appointed  and  their  succes- 
isors  in  office  are  and  shall  continue  to  be  a  body  politic  and  corporate, 
with  perpetual  succession  under  the  name  of  "  Passaic  Valley  sewer- 
age commissioners,"  with  power  to  sue  and  be  sued,  with  power  to 
adopt  and  use  a  corporate  seal,  and  the  right,  power,  and  authority 
to  acquire,  hold,  use,  and  dispose  of  all  such  property,  real  and  per- 
sonal, as  may  be  proper  or  necessary,  and  with  all  other  powers  proper 
or  necessary  to  carry  out  and  effectuate  the  purposes  for  which  said 
board  is  created. 

4.  The  board  of  Passaic  Valley  sewerage  commissioners,  incorpo- 
rated as  aforesaid,  is  hereby  given  full  power  and  authority  to  make, 
construct,  maintain,  and  operate  intercepting,  main,  trunk,  and  out- 
let sewers  with  the  necessary  pipes,  conduits,  pumping  works,  and 
other  appliances  for  the  purpose  of  taking  up,  within  the  said  Pas- 
saic Valley  sewerage  district,  sewage  and  other  offensive  and  dele- 
terious matter  which  would  or  might  otherwise  pollute  the  streams 
and  rivers  in  said  district  and  convey  the  same  to  some  proi)er  place 
or  places  of  deposit,  discharge,  or  outfall  in  the  New  York  Bay, 
within  the  State  of  New  Jersey,  to  be  selected  by  the  said  sewerage 
commissioners,  there  to  be  discharged,  which  place  or  phices  of 
deposit,  discharge,  or  outfall  shall  be  at  least  one  and  ono-cjuarter 
miles,  measured  at  right  angles,  in  an  easterly  direction,  from  the 
exterior  line  for  solid  filling  in  the  New  York  Bay,  as  now  established 
by  the  riparian  commissioners  of  this  State,  and  in  a  tidal  channel  of 
not  less  than  forty  feet  in  depth  at  mean  low  water;  and  the  said 
^werage  cx)mmissioners  shall  also  have  power  to  establish  within  sai 
sewerage  district,  when  necessary,  sewage  disposal  works  and  wor 
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for  the  treatinfiiit,  dirinfecting,  and  di£|xidil  of  sewigd:  PfwmU^ 
however^  That  no  sewage  di^xMal  work  and  works  for  the  teeatawnti 
disinfecting,  and  diqioeal  of  sewage  shall  be  erected,  eeteUished,  er 
maintained  within  the  distance  of  five  miles  from  the  oiifebdl  ol  said 
irank  sewer  herein  provided  fo^:  Provided^  howener^  That  noliiiiif 
herein  contained  shall  in  any  way  be  construed  to  allo^  m  poniiit 
said  sewerage  commissicm  to  estaUish  or  build  more  thaa  one  eewagi 
disposal  works  or  more  than  <»ie  plant  ot  woxks  for  the  treatment,  dis- 
inleding  or  dii^KJsal  of  sewage;  no  contract  of  any  kind  shall  ba 
awarded  at  any  one  time  fw  more  than  one  million  dollars:  Pnmieif 
A^noewr^ThatthisproidiMmshaUnota  M 

work  done  and  materuui  pnrdbased  in  the  prosecution  of  said  wmk 
w  works,  the  cost  of  whidi  sliall  exceed  five  thousand  doUara,  diaHbi 
be  by  contract  awarded,  after  due  advertisement,  to  the  loweei  respoa- 
siUe  bidder,  and  all  contractors  shall  be  required  to  give  bonds  sitii- 
factory  in  security  and  amount  to  the  said  board;  and  no  contiaet 
involving  an  «cpenditure  of  more  than  twenty-five  thousand  doltan 
shall  be  awucted  until  after  the  same  shall  have  been  submitted  t» 
and  approved  by  the  governor:  Promded^  That  no  ccmtiact  ifft  aatj 
of  the  work  herein  required  to  be  performed  hj  contract  shall  ba 
awarded  except  on  the  express  stipulation  that  so  far  as  praeticsUa 
all  said  work  shall  be  performed  by  union  Ubatj  and  i»efefeDfie 
^all  be  given  to  dtizens  of  the  State  of  New  J^*sey. 

5.  It  shall  be  the  duty  of  all  persons,  corporations,  and  municipali- 
ties owning  or  controlling  the  sewers  or  drains  within  the  limits  of 
said  sewerage  district,  which  discharge  directly  or  indirectly  into  the 
streams  or  rivers  within  the  said  sewerage  district  any  sewage  or 
deleterious  matter,  to  cause  the  same  to  be  connected  with  and  to  be 
discharged  into  the  sewers  constructed  by  the  said  sewerage  commis- 
sioners when  the  same  shall  have  been  constructed,  and  at  the  places 
which  shall  have  been  designated  for  that  purpose  by  the  said  sewer- 
age commissioners;  all  sewers  and  drains  hereafter  constructed  by 
any  person,  corporation,  or  municipality  within  the  said  sewerage 
district  conveying  or  discharging  sewage  or  other  deleterious  matter, 
which  might  otherwise  discharge  into  or  be  discharged  into  the  streams 
or  rivers  within  the  said  sewerage  district,  directly  or  indirectly,  shall 
be  so  constructed  that  the  outfall  or  discharge  therefrom  shall  be  de- 
livered into  the  drains  or  sewers  provided  by  the  said  sewerage  com- 
missioners at  the  points  and  places  designated  by  the  said  commission- 
ers ;  and  it  shall  be  the  duty  of  the  said  sewerage  commissioners,  in 
constructing  said  intercepting  or  main  sewers,  to  have  them  so  con- 
structed that  connection  therewith  can  be  made  at  necessary  or  proper 
points;  and  all  such  connections  shall  be  made  in  accordance  with  the 
rules  and  regulations  from  time  to  time  adopted  by  the  said  sewerage 
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*ommissioners  in  relation  thereto,  and  under  the  direction  and  super- 
rision  of  their  officers  and  agents,  and  all  such  connections  shall  be 
he  property  of  such  sewerage  commissioners ;  the  main,  intercepting 
)r  trunk  sewer  to  be  constructed  by  the  said  sewerage  commissioners 
ihall  commence  at  or  near  the  Valley  of  Rocks,  in  the  city  of  Pater- 
on,  and  shall  extend  to  the  point  of  discharge  or  outfall  in  the  New 
ITork  Bay,  within  the  limits  of  the  State  of  New  Jersey ;  before  any 
Qoneys  expended  or  obligations  are  incurred  for  the  construction  of 
my  trunk  or  outlet  sewer  which  shall  discharge  into  New  York  Bay, 
he  said  board  shall  carefully  investigate  whether  said  discharge  is 
ikely  to  pollute  the  waters  of  said  bay  within  the  jurisdiction  of  the 
^tate  of  New  York  to  such  an  extent  or  in  such  a  degree  as  to  cause  a 
luisance  to  persons  or  property  within  said  State,  and  shall  present 
he  result  of  their  investigation  to  the  governor  with  their  opinion 
hereon  and  their  reasons  for  their  opinion ;  and  thereupon  the  same 
hall  be  considered  by  the  governor  and  the  attorney-general,  and  no 
vork  shall  be  done  or  further  proceedings  taken  unless  the  attorney- 
general  shall,  in  writing,  advise  that  no  cause  of  action  either  for 
lamages  or  an  injunction  will  arise  in  favor  of  the  State  of  New  York 
)r  any  of  its  inhabitants  by  reason  of  such  discharge  of  sewage  into 
he  waters  of  New  York  Bay,  and  the  governor  shall,  by  order,  in 
«rri ting,  advise  said  board  that,  in  his  judgment,  it  is  safe  and  prudent 
o  proceed  with  its  work,  due  regard  being  had  to  all  the  risks  and 
langers  of  injunctive  litigation. 

6.  The  said  sewerage  commissioners  shall  have  power  and  authority 
:o  purchase  and  acquire  lands  and  rights  or  interests  in  lands  within 
ind  without  the  said  sewerage  district  which  may  be  deemed  neces- 
sary for  the  construction  of  sewers,  drains,  disposal,  pumping  or  other 
?9^orks  authorized  by  this  act,  but  no  ventilating  plant,  sewage  dis- 
josal  works,  or  works  for  the  treatment,  disinfecting,  or  disposal  of 
sewage  shall  be  erected  or  maintained  outside  of  said  sewerage  dis- 
:rict;  and  if  in  any  case  the  said  sewerage  commissioners  shall  be 
inable  to  agree  with  the  owner  or  owners  of  any  lands  or  rights  or 
nterests  in  lands  deemed  necessary  by  said  sewerage  commissioners 
n  the  construction  and  prosecution  of  the  work  hereby  authorized, 
>r  when  by  reason  of  legal  incapacity  or  absence  of  such  owner  or 
owners  no  agreement  can  be  made  for  the  purchase  thereof,  the  lands 
jr  rights  or  interests  in  lands  50  deemed  necessary  for  the  purposes  of 
:his  act  shall  be  acquired  by  condemnation  by  the  said  sewerage  com- 
missioners in  the  manner  provided  by  the  general  laws  of  this  State 
[plating  to  the  condemnation  of  lands  for  public  uses:  Prorirl^d^Th^t 
10  private  property  shall  be  taken  for  the  purposes  of  this  act  without 
x)mpensation  therefor  shall  have  first  been  made  or  tendered  to  the 
3wner  or  owners  thereof,  or,  in  lieu  thereof,  paid  to  the  clerk  of  the 
IBB  152—05  M 8 
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county  in  which  the  lands  taken  are  located  for  the  use  of  the  person 
or  persons  entitled  to  receive  the  same;  and  in  case  such  payment  or 
tender  to  the  owner  or  owners,  or  payment  into  court,  is  made  by  the 
said  sewerage  commissioners  upon  the  award  of  commissioners,  the 
said  sewerage  conunissioners  shall  be  entitled  to  take  immediate  pos- 
session of  the  property  so  condemned,  notwithstanding  any  appeal 
and  the  acceptance  by  the  owner  or  owners  of  the  lands  or  rights  so 
condemned  of  any  award  of  commissioners  shall  not  interfere  with  or 
prevent  the  taking  of  any  appeal  provided  by  law. 

7.  The  said  board  of  sewerage  commissioners  shall  have  power  to 
construct  any  sewer  or  drain  by  it  to  be  made  or  constructed  under  or 
over  any  water  course,  under  or  over  or  across  or  along  any  street, 
turnpike,  railway,  canal,  highway,  or  other  way,  and  'n  or  upon  pri- 
vate or  public  lands,  and  in  or  upon  lands  of  this  State  and  under 
waters  of  this  State,  in  such  manner,  however,  as  not  unnecessarily  to 
obstruct  or  impede  travel  or  navigation,  and  may  enter  up>on  and  dig 
up  any  street,  road,  highway,  or  private  or  public  lands  either  within 
or  without  the  said  sewerage  district  for  the  purpose  of  constructing 
or  laying  sewers  or  drains  upon  or  beneath  the  surface  thereof,  and 
for  maintaining  and  operating  the  same,  and  in  general  may  do  all 
other  acts  or  things  necessary,  convenient,  and  proper  to  earn*  out 
the  purposes  of  this  act ;  but  no  part  of  said  sewer  where  laid  under 
the  waters  of  this  State  beyond  the  exterior  lines  for  solid  filling.  a> 
established  by  the  riparian  coniniissioners  of  this  State,  shall  in  said 
Newark  Bay  bo  above  an  elevation  of  thirty  feet  l)elow  mean  low 
water,  or  shall  in  said  New  York  Bay  be  above  an  elevation  of  thirty- 
five  feet  below  mean  low  water:  and  the  said  board  of  .sewerage  com- 
missioners shall  have  power,  for  the  purpose  of  carrying  such  <ewa<rp 
or  other  matter  to  the  place  of  deposit  or  discharge  in  New  York  Hav- 
to  construct  sewers  within  territory  outside  of  the  said  sewerage  dis- 
trict, and  with  its  sewers,  pipes,  and  drains  to  pass  through  or  j)artly 
through  the  territory  of  nninicij)alities  outside  of  said  seweraj2:e  <lis- 
trict ;  and  whenever  the  said  hoard  shall  dig  up  any  road,  street,  or 
highway  as  aforesaid,  it  sliall,  as  far  as  possible,  restore  the  same  to 
as  good  condition  and  order  as  the  same  was  w4ien  such  digging  com- 
menced:  Prorided,  hotrercr.  That  when  such  streets,  roads,  or  high- 
ways lie  outside  of  such  sewerage  district,  the  laying  down  of  sewers 
or  drains  under  or  across  said  street.^,  roads,  or  highways  shall  ht* 
sul)ject  to  sucli  police  regulations  of  the  governing  bodies  of  such 
municipalities  as  are  applicable  and  enforceable  in  the  constrnction 
of  sewers  or  drains  for  such  municipality. 

8.  The  said  sewerage  commissioners  shall  have  power  and  authority 
to  alter  or  change  the  course  or  dire(*tion  of  any  water  course,  and. 
with  the  consent  of  the  township  committee  of  any  township  and  of 
the  board  or  body  having  control  of  the  streets  or  highways  in  any 
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city,  town,  or  other  municipality,  to  alter  or  change  the  grade  or  h)ca- 
tion  of  any  highway,  public  street,  or  way  crossed  by  any  sewer  or 
drain  to  be  constructed  under  the  provisions  of  this  act. 

9.  The  said  board  of  sewerage  commissioners  may,  by  its  officers, 
agents,  servants,  and  employees,  enter  at  all  times  upon  any  lands  or 
waters  within  or  without  the  said  sewerage  district  for  the  purpose  of 
exploring,  surveying,  leveling,  and  laying  out  the  route  of  any  drain 
or  sewer,  locating  any  disposal,  pumping,  or  other  works,  establishing 
grades,  and  doing  all  necessary  preliminary  work ;  doing,  however,  no 
unnecessary  damage  or  injury  to  private  property. 

10.  The  said  board  of  sewerage  commissioners  shall  at  all  times 
keep  full  and  accurate  accounts  of  its  receipts,  expenditures,  disburse- 
ments, and  liabilities,  and  shall  annually  cause  a  detailed  statement 
thereof  to  be  published  and  a  copy  thereof  mailed  to  the  secretary  of 
state  of  this  State  and  to  the  clerk  of  each  of  the  municipalities  in  the 
district.  The  fiscal  year  of  said  sewerage  commissioners  shall  end  on 
the  first  Tuesday  of  May  in  each  year,  and  said  report  so  to  be  pub- 
lished shall  be  a  report  for  the  previous  fiscal  year,  and  shall  \ye  made 
as  soon  after  the  end  of  each  fiscal  year  as  conveniently  niay  Iw;  and 
the  mayor  or  chief  officer  of  any  city  or  other  municipality  included 
within  said  drainage  district  shall  be  given  full  access  to  all  the 
books,  accounts,  and  vouchers  of  the  said  board,  at  all  reasonable 
times,  for  the  purpose  of  examination  and  report  in  the  interest  of 
such  municipalities,  respectively,  and  of  the  taxpayers  therein. 

11.  To  provide  for  the  payment  of  costs  and  expenses  incurred  or 
to  be  incurred  by  the  said  sewerage  commissioners  for  the  purchase 
of  lands,  rights,  or  interests  in  lands  or  other  ])roperty  or  rights,  and 
in  the  construction  of  said  disposal  works,  pumping  stations,  sewers, 
drains,  and  all  other  works  by  them  to  be  constructed,  and  for  engi- 
neering, administrative,  and  other  expenseis  connected  therewith. 
including  interest  during  cx)nstruction,  said  board  of  sewerage  com- 
missioners shall  have  power  from  time  to  time  to  issue  its  corporate 
bonds  in  an  amount  not  to  exa^ed  nine  million  dollars  and  not  to 
exceed  the  total  estimated  cost  and  expenses  of  the  whole  work ;  such 
bonds  shall  be  in  the  form  and  payable  at  a  time  not  exceeding  fifty 
years  from  the  date  thereof  and  at  such  places,  and  either  in  cur- 
rency or  coin,  as  the  said  sewerage  commissioners  may  determine; 
such  bonds  shall  bear  interest  at  a  rate  not  exceeding  four  per  c(»ntum 
per  annum,  payable  semiannually;  all  such  bonds  shall  be  signed  by 
the  chairman  of  the  said  board  of  sewerage  commissioners  and  coun- 
tersigned by  the  treasurer,  and  shall  l)e  sealed  with  its  corporate  seal, 
attested  by  the  clerk;  in  issuing  such  bonds  the  board  of  sewerage 
commissioners  may,  in  its  discretion,  make  the  same  or  any  part 
thereof  fall  due  at  stated  periods  less  than  fifty  years  from  the  da 
of  issue,  and  may  reserve  in  said  bonds  an  option  to  redeem  or  pi 
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county  in  which  the  lands  taken  are  located  for  the  use  of  the  penwn 
or  persons  entitled  to  receive  the  same;  and  in  case  such  payment  or 
tender  to  the  owner  or  owners,  or  payment  into  court,  is  made  by  the 
said  sewerage  commissioners  upon  the  award  of  commissioners,  the 
said  sewerage  commissioners  shall  be  entitled  to  take  immediate  pos- 
session of  the  property  so  condemned,  notwitlistanding  any  appeal 
and  the  acceptance  by  the  owner  or  owners  of  the  lands  or  rights  so 
condemned  of  any  award  of  commissioners  shall  not  interfere  with  or 
prevent  the  taking  of  any  appeal  provided  by  law. 

7.  The  said  board  of  sewerage  commissioners  shall  have  power  to 
construct  any  sewer  or  drain  by  it  to  be  made  or  constructed  under  or 
over  any  water  course,  under  or  over  or  across  or  along  any  street, 
turnpike,  railway,  canal,  highway,  or  other  way,  and  'n  or  upon  pri- 
vate or  public  lands,  and  in  or  upon  lands  of  this  State  and  under 
waters  of  this  State,  in  such  manner,  however,  as  not  unnecessarily  to 
obstruct  or  impede  travel  or  navigation,  and  may  enter  up>on  and  dig 
up  any  street,  road,  highway,  or  private  or  public  lands  either  within 
or  without  the  said  sewerage  district  for  the  purpose  of  constructing 
or  laying  sewers  or  drains  upon  or  beneath  the  surface  thereof,  and 
for  maintaining  and  operating  the  same,  and  in  general  may  do  all 
other  acts  or  things  necessary,  convenient,  and  proper  to  cslttv  out 
the  purposes  of  this  act ;  but  no  part  of  said  sewer  where  laid  under 
the  waters  of  this  State  beyond  the  exterior  lines  for  solid  filling,  a? 
established  by  tlie  rij)arian  commissioners  of  this  State,  shall  in  said 
Newark  Bay  Ik?  above  an  elevation  of  thirty  feet  lx»low  mean  low 
water,  or  shall  in  said  New  York  Bay  lie  above  an  elevation  of  thirty- 
five  feet  below  mean  low  water:  and  the  said  board  of  sewera<re  com- 
missioners shall  have  power,  for  the  purpose  of  carrying  such  st^wafre 
or  other  matter  to  the  place  of  deposit  or  discharge  in  New  York  Bay. 
to  construct  sewers  ^vithin  territory  outside  of  tlie  said  sewerage  dis- 
trict, and  with  its  sewers,  pipes,  and  drains  to  pass  througli  or  partly 
through  the  territory  of  nninicij)alities  outside  of  said  sewerage  dis- 
trict; and  whenever  the  said  board  shall  dig  up  any  road,  street,  or 
higliway  as  aforesaid,  it  shall,  as  far  as  possible,  restore  the  same  to 
as  good  condition  and  order  as  the  same  was  when  such  digging  com- 
menced:  Provided,  hotrcrcr.  That  when  such  streets,  roads,  or  high- 
ways lie  outside  of  such  sewerage  district,  tlie  laying  down  of  sewers 
or  drains  under  or  across  said  street.^,  roads,  or  highways  shall  be 
subject  to  such  police  regulations  of  the  governing  l>odies  of  such 
municipalities  as  are  applicable  and  enforceable  in  the  construction 
of  sewers  or  drains  for  such  nninicipality. 

8.  The  said  sewerage  commissioners  shall  have  power  and  authority 
to  alter  or  change  the  course  or  direction  of  any  water  course,  and, 
with  the  consent  of  the  township  connnittee  of  any  township  and  of 
the  board  or  body  having  control  of  the  streets  or  highways  in  any 
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ty,  town,  or  other  municipality,  to  alter  or  change  the  grade  or  loca- 
on  of  any  highway,  public  street,  or  way  crossed  by  any  sewer  or 
rain  to  be  constructed  under  the  provisions  of  this  act. 

9.  The  said  board  of  sewerage  commissioners  may,  by  its  officers, 
gents,  servants,  and  employees,  enter  at  all  times  upon  any  lands  or 
-aters  within  or  without  the  said  sewerage  district  for  the  purpose  of 
Kploring,  surveying,  leveling,  and  laying  out  the  route  of  any  drain 
r  sewer,  locating  any  disposal,  pumping,  or  other  works,  establishing 
rades,  and  doing  all  necessary  preliminary  work ;  doing,  however,  no 
nnecessary  damage  or  injury  to  private  property. 

10-  The  said  board  of  sewerage  commissioners  shall  at  all  times 
eep  full  and  accurate  accounts  of  its  receipts,  expenditures,  disburse- 
lents,  and  liabilities,  and  shall  annually  cause  a  detailed  statement 
tiereof  to  be  published  and  a  copy  thereof  mailed  to  the  secretary  of 
bate  of  this  State  and  to  the  clerk  of  each  of  the  municipalities  in  the 
istrict.  The  fiscal  year  of  said  sewerage  commissioners  shall  end  on 
be  first  Tuesday  of  May  in  each  year,  and  said  report  so  to  be  pub- 
ished  shall  be  a  report  for  the  previous  fiscal  year,  and  shall  be  made 
s  soon  after  the  end  of  each  fiscal  year  as  conveniently  may  be ;  and 
he  mayor  or  chief  officer  of  any  city  or  other  municipality  included 
rithin  said  drainage  district  shall  be  given  full  access  to  all  the 
ooks,  accounts,  and  vouchers  of  the  said  board,  at  all  I'easonable 
Lmes,  for  the  purpose  of  examination  and  report  in  the  interest  of 
uch  municipalities,  respectively,  and  of  the  taxpayers  therein. 

11.  To  provide  for  the  payment  of  costs  and  expenses  incurred  or 
0  be  incurred  by  the  said  sewerage  commissioners  for  the  purchase 
f  lands,  rights,  or  interests  in  lands  or  other  property  or  rights,  and 
ti  the  construction  of  said  disposal  works,  pumping  stations,  sewers, 
trains,  and  all  other  works  by  them  to  be  constructed,  and  for  ongi- 
eering,  administrative,  and  other  expenses  connected  therewith, 
Qcluding  interest  during  construction,  said  board  of  sewerage  com- 
lissioners  shall  have  power  from  time  to  time  to  issue  its  corporate 
onds  in  an  amount  not  to  exceed  nine  million  dollars  and  not  to 
xceed  the  total  estimated  cost  and  expenses  of  the  whole  work ;  such 
onds  shall  be  in  the  form  and  payable  at  a  time  not  exceeding  fifty 
ears  from  the  date  thereof  and  at  such  places,  and  either  in  cur- 
ency  or  coin,  as  the  said  sewerage  conunissioners  may  determine; 
uch  bonds  shall  bear  interest  at  a  rate  not  exceeding  four  per  centum 
>€r  annum,  payable  semiannually ;  all  such  bonds  shall  he  signed  by 
he  chairman  of  the  said  board  of  sewerage  commissioners  and  coun- 
ersigned  by  the  treasurer,  and  shall  lx».  sealed  with  its  corporate  seal, 
ttested  by  the  clerk;  in  issuing  such  bonds  the  board  of  sewerage 
ommissioners  may,  in  its  discretion,  make  the  same  or  any  part 
hereof  fall  due  at  stated  periods  less  than  fifty  years  from  the  dal 
t  issue,  and  may  reserve  in  said  bonds  an  option  to  redeem  or  pa 
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the  same  or  any  part  tliereof  at  stated  p^ods  at  any  tuDne  betwen 
the  date  thereof  and  the  date  at  whidi  they  would  otherwise  &11  dm; 
the  said  bonds  may  be  either  coupon  or  registered  bonds  <^  parfly 
coupon  and  partly  registered  bonds,  and  all  sudi  bonds  may  be 
negotiated,  sold,  and  disposed  of  at  not  less  than  their  par  value,  and 
the  same  or  the  proceeds  thereof  may  be  used  by  the  said  sewengi 
commissioners  for  thet  purposes  aforesaid;  the  said  board  of  seweiBg^ 
commissioners  shall  keep  the  cost  and  expenses  of  the  constmetiaii  of 
its  plant — ^in  which  shall  be  included  the  cost  of  lands,  ri^ts,  or  inter- 
ests in  lands,  and  the  cost  of  all  other  property  and  rights,  and  tbe 
cost  of  constructicm  of  all  works,  including  engineering  expenses, 
administrative  expenses,  and  legal  expenses,  and  including  interal 
during  the  course  of  c(H^ruction — separate  from  the  cost  and  ei- 
penses  of  maintenance,  operation,  and  repairs;  all  sales  of  bonds  dull 
be  made  after  public  notice  and  advertisement  calling  for  bids  and 
shall  be  made  to  the  highest  responsible  bidders. 

12.  The  said  board  of  sewerage  commissicmers  may,  in  antidpfttioii 
of  the  issuing  of  bonds,  and  from  time  to  time  as  it  may  need  maofff, 
borrow  such  sum  or  sums  of  money,  not  exceeding  at  any- one  time 
one-fifth  of  the  estimated  cost  of  the  whole  work,  and  may  issue  fts 
certificates  of  indebtedness,  promissory  notes,  or  other  obligatktts 
therefor,  retiring  the  same  from  time  to  time  as  the  bonds  hereidie- 
fore  authorized  to  be  issued  are  sold.  In  order  that  the  said  bonds 
issued  for  the  purchase  of  land,  rights  in  land,  and  for  the  construc- 
tion of  the  works,  plant  and  extensions,  betterments  and  improve- 
ments thereof  may  be  paid  and  retired  at  maturity,  the  sewerage 
commissioners  shall  provide  a  proper  and  suitable  sinking  fund  not 
exceeding. in  amount  to  be  raised  in  any  one  year  one  per  centum  of 
the  face  value  of  the  bonds  issued,  which  sum  shall  be  raised  annu- 
ally, beginning  with  the  fifth  year  after  the  issuing  of  said  bonds,  at 
the  time  and  in  the  manner  herein  provided  for  the  raising  of  the 
moneys  necessary  to  pay  the  interest  on  said  bonds.  The  money  so 
raised  for  sinking-fimd  purposes  shall  be  kept  in  a  separate  account 
by  the  treasurer  of  the  board  of  sewerage  commissioners,  and  shall, 
under  its  direction,  be  used  or  invested  from  time  to  time  in  the  pur- 
chase or  retirement  of  its  own  bonds,  or  in  the  purchase  of  securities 
in  w^hich  savings  banks  and  savings  institutions  of  this  State  are 
authorized  to  invest. 

13.  All  indebtedness  of  the  said  board  of  sewerage  commissioners 
incurred  for  the  purchase  of  lands,  rights,  or  interests  in  land  or 
other  property,  and  in  the  construction  of  its  works  or  plant,  or 
otherwise  lawfully  incurred,  pursuant  to  the  provisions  of  this  act, 
whether  such  indebtedness  is  represented  by  bonds,  certificates  of 
indebtedness,  promissory  notes,  or  other  form  of  indebtedness,  with 
interest  accrued  or  to  accrue  thereon,  shall  be  a  charge  upon  all  per- 
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•ns  and  property  in  the  municipal  or  taxing  districts  lying  in  whole 
'  in  part  within  said  sewerage  district  as  fully  as  the  legislature  of 
is  State  shall  have  power  to  authorize  the  same;  and  all  bonds, 
rtificates  of  indebtedness,  promissory  notes,  and  other  obligations 
sued  by  the  said  board  of  sewerage  commissioners  shall  be  free 
•cm  all  State,  county,  municipal,  and  other  taxes,  and  the  property, 
ftl  and  personal,  of  the  said  board  of  sewerage  commissioners  held 
T  it  under  authority  of  this  act,  wherever  situated,  shall  in  like  man- 
jr  be  free  from  taxation. 

14.  The  said  sewerage  commissioners  shall,  on  or  before  the  fif- 
enth  day  of  June  in  each  year,  ascertain  and  determine  the  amount 
•  money  necessary  to  be  raised  for  the  payment  of  interest  upon 
mds  and  other  indebtedness  and  for  sinking-fund  charges  for  the 
irrent  fiscal  year,  and  shall  apportion  the  same  among  the  respective 
unicipalities  and  taxing  districts  lying  in  whole  or  in  part  within 
id  sewerage  district,  in  such  proportion  as  the  taxable  ratables 
ithin  so  much  of  said  municipality  or  taxing  district  as  is  embraced 
ithin  said  sewerage  district  bears  to  the  total  amount  of  taxable 
tables  within  the  whole  of  said  sewerage  district,  as  returned  and 
rtified  by  the  respective  taxing  boards  and  taxing  officers  of  the 
id  municipalities  or  taxing  districts  for  the  preceding  year:  Pro- 
ded^  however^  That  all  ratables  in  said  district  for  this  purpose  be 
isessed  at  their  true  value ;  and  it  shall  be  the  duty  of  each  assessor, 
xing  board,  or  taxing  officer  for  the  several  municipalities  and  tax- 
ig  districts  lying  in  whole  or  in  part  within  said  sewerage  district 
>r  this  purpose,  to  examine,  compute,  determine,  and  certify  to  the 
lid  sewerage  board  annually,  and  by  the  first  day  of  April  of  each 
5ar,  the  amount  of  taxable  property  or  ratables  assessed  in  the  last 
receding  year  to  or  upon  persons  and  property,  within  so  much  of 
le  several  municipalities  and  taxing  districts  as  lie  within  the  said 
iwerage  district,  and  the  books  of  each  of  the  said  assCvSsors,  taxing 
>ards,  and  taxing  officers  shall  at  all  times  be  open  for  examination 
IT  the  board  of  sewerage  commissioners,  its  officers  and  agents,  for 
le  purpose  of  examining,  checking,  and,  if  necessary,  correcting 
lid  certificates. 

15.  The  said  board  of  sewerage  commissioners  shall,  on  or  before 
le  fifteenth  day  of  June  in  each  year,  ascertain  and  determine  as 
iar  as  may  be  the  amoimt  of  money  necessary  to  be  raised  for  oper- 
;ing,  maintaining,  and  repairing  its  works  and  plant  for  the  current 
seal  year,  and  shall  apportion  the  money  so  estimated  to  be  neces- 
iry  among  the  several  municipalities  or  taxing  districts  lying  in 
hole  or  in  part  within  said  sewerage  district  according  to  the 
nount  of  sewage  by  them  respectively  delivered  to  or  discharge 
ito  any  sewers  or  other  receptacles  provided  or  constructed  by 
lid  sewerage  commissioners  for  the  reception  thereof.  Before 
>portionment  is  finally  made  and  adopted  \>y  tW  v«^^^T^\gi;  <>«^'" 
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sioners  for  any  year  and  on  the  fourth  Tuesday  of  May,  at  two  o'clod 
in  the  afternoon,  the  said  sewerage  commission  shall  sit  at  its  prin- 
cipal office  for  the  purix)se  of  hearing  such  municipalities  as  desire 
to  be  heard  upon  the  apportionment  of  the  estimated  amoimt  of 
money  recjuired  for  the  operation,  maintenance,  and  repair  of  said 
works  and  plant,  but  the  apportionment  when  made  by  the  said  sew- 
erage commissioners  shall  be  final  and  conclusive;  in  case,  however, 
the  estimate  of  moneys  necessary  to  be  raised  in  any  year  for  operat- 
ing, maintaining,  and  repairing  the  works  and  plant  of  the  seweragi* 
commissioners  shall,  at  the  end  of  the  year,  be  found  to  have  been  too 
low,  the  deficiency  shall  l)e  made  good  by  adding  the  same  to  the  esti- 
mated amount  required  for  operating,  maintainmg,  and  repairing 
the  said  works  for  the  next  succeeding  year;  and  if  said  estimate 
shall  be  found  to  have  been  excessive,  then  such  excess  shall  be  de- 
ducted from  the  estimate  for  the  next  succeeding  year. 

16.  The  said  lx>ard  of  sewerage  commissioners  shall,  on  or  before 
the  twentieth  day  of  June  in  each  year,  order  and  cause  a  tax  to  be 
levied  and  assessed  upon  all  persons  and  property  within  each  of  the 
municipal  and  taxing  districts  lying  in  whole  or  in  part  within  said 
sewerage  district,  for  the  purpose  of  raising  the  money  necessary  to 
pay  interest  upon  its  bonds  and  other  indebtedness  and  necessary 
sinking-fund  charges  and  for  the  sum  or  sums  of  money  estimated  a*^ 
necessary  to  provide*  for  the  proj)er  maintenance  and  operation  of  its 
works  and  plant,  and  for  jWI  the  other  expenses  of  the  said  seweraofe 
coniniissioncrs,  and  to  this  imkI  it  shall,  on  or  before  the  twentieth  (lav 
of  June  in  each  year,  cert  if  v  to  th(»  tax  assessor,  taxing  board,  or  tax- 
lug  otlicer  of  each  of  said  niiinicipalities  or  taxing  districts  lying  in 
whole  or  in  part  within  said  sewerage  district,  the  amount  of  tax 
re(|nire(l  to  he  levied,  assessed,  and  raised  in  each  of  their  resj)ectiv<* 
municipalities  and  taxin<r  districts  for  said  purposes;  and  the  said 
assessors,  taxin<r  l)oar(ls.  and  taxing  oliicers  shall  assess  said  sums  -^J 
directed  to  l)e  assessed  (and  certified  to  them)  upon  all  the  pei*s<)n> 
and  property  within  their  respective  municij)alities  or  taxing  districts 
liable  to  be  assessed  for  State  or  countv  taxes,  and  the  said  tax  shall 
be  levied,  assessed,  and  <'('llecte(l  by  the  same  officers  at  the  same 
time  and  in  the  same  manner  and  with  the  same  efi'ect  as  State  or 
county  taxes  are  recjuired  to  be  levied,  assessed,  jind  collected  within 
said  municipalities  or  taxing  districts;  and  the  taxes  so  levied  iij)OTi 
real  estate  in  sai<l  nuniicipalit ies  and  taxing  districts  shall  be  and 
remain  a  first  and  paramount  lien  thereon  until  paid. 

17.  Out  of  the  iirst  moneys  collected  in  any  year  in  any  nuinici- 
pality  or  taxing  district,  and  not  i-e(|uire(l  by  law  to  be  paid  to  the 
county  collector  for  State*  or  county  pur[)oses,  it  shall  Ix*  the  duty  <>f 
the  disbursing  officer  or  officers  of  such  municipality  or  taxing  dis- 
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ict  to  pay  to  the  treasurer  of  the  sewerage  commissioners  the  sum 
•  Slims  of  money  directed  by  said  sewerage  commissioners  to  be 
sessed,  levied,  and  collected  in  such  municipality  or  taxing  district. 

18.  The  said  board  of  sewerage  commissioners  may,  from  time  to 
me,  in  anticipation  of  the  collection  of  moneys  directed  by  it  to  be 
sessed,  levied,  and  collected  within  the  municipalities  or  taxing 
.stricts  lying  in  whole  or  in  part  within  its  sewerage  district,  borrow 
ich  sum  or  sums  of  money  as  may  he  necessary  for  the  payment  of 
iterest  upon  bonds  or  other  indebtedness,  and  for  the  payment  of 
nking-fund  charges,  and  for  the  payment  of  its  officers,  agents, 
nployees,  and  for  all  other  necessary  or  proper  expenses  in  main- 
ining  and  operating  its  works  and  plant,  and  the  payment  of  the 
oneys  so  borrowed  shall  be  secured  by  a  lien  upon  said  taxes  as 
vied  and  assessed,  or  so  directed  to  be  levied  and  assessed,  and  said 
txes  when  collected  shall  be  applied  to  the  payment  of  the  moneys 
>  borrowed;  all  loans  made  in  pursuance  of  this  section  shall  be 
fter  public  notice  and  advertisement,  and  shall  be  made  or  taken 
•om  the  person  or  persons  offering  the  most  favorable  terms. 

19.  If  in  any  case  the  streams  and  rivers  within  the  said  sewerage 
istrict  are  or  may  be  polluted  by  sewage  or  other  deleterious  matter 
ischarged  therein,  directly  or  indirectly,  from  any  municipality  or 
ny  part  of  a  municipality  lying  without  the  said  sewerage  district,  it 
lall  and  may  be  lawful  for  the  said  board  of  commissioners  to  enter 
ito  contract  with  such  municipality  for  the  disposal  of  all  such  sew- 
ge  and  deleterious  matter,  and  every  such  municipality  is  hereby 
uthorized  to  enter  into  such  contract  with  the  said  board,  and  the 
lid  board  may,  in  the  constructions  made  by  it  under  the  authority 
f  this  act,  make  provisions  for  such  disposal ;  such  contracts  may  be 
lade  upon  such  terms  and  for  such  lengths  of  time  and  for  such 
nnual  or  semiannual  payments  as  shall  be  mutually  agreed  upon, 
nd  the  municipalities  and  taxing  districts  so  contracting  shall  have 
lie  power  to  raise  annually,  by  taxation,  the  moneys  necessary  to 
lake  the  payments  rcH]uired  to  be  made  under  such  contracts,  or  to 
se  for  this  purpose  any  moneys  not  otherwise  appropriated;  and  the 
loneys  received  by  the  said  commissioners  under  such  contracts  shall 
e  applied  by  them  as  follows:  Two-thirds  thereof  to  the  payment  of 
nterest  upon  bonds  issued  by  the  said  board,  and  one-third  thereof 
o  the  payment  of  the  expense  of  operation,  maintenance,  and  repair 
f  w^ork. 

20.  The  said  sewerage  commissioners  shall  have  within  said  sewer- 
ge  district  powers  exclusive  of  all  other  lx)ards  to  protect  the  rivei's 
nd  streams  thereof  from  pollution  and  to  prevent  the  pollution  of 
he  same,  and  to  this  end  the  said  sewerage  conmiissionei's  may  pro- 
libit  the  deposit  or  discharge  into  the  rivers  or  streams  within  said 
ewerage  district  of  any  sewage  or  other  matter  or  thing  which  may 
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poUate  the  same;  they  may  also  in  like  maimer  pitddUt  or  pierat 
the  emptying  into  any  tributary  of  said  rivers  or  streams,  by  any 
municipality  or  part  of  a  municipality  lying  within  the  said  sewerage 
district,  of  any  sewage  or  other  matter  or  thing  whidi  will  directly  or 
indirectly  cause  the  riyers  or  streams  within  said  sewerage  district  to 
be  polluted;  and  the  said  board  of  sewerage  commissions:^  may  at 
any  time,  whsi  it  has  reason  to  believe  that  any  river  or  strei 
within  its  district  is  being  pdUiuted  by  any  such  munidpaUty  or  part 
of  a  municipality  by  deposit  or  discharge  into  said  rivers,  streams,  or 
their  tributaries  of  any  sewage  or  other  matter  or  thing  whidi  will 
pollute  the  same,  or  when  sudi  deposit  or  discharge  is  threatened,  to 
apply  by  bill  or  petition  to  the  pourt  of  chancery  of  this  State  £or 
injunction  to  prevent  tihe  said  pollution  or  threatened  pollution  of  said 
rivers  or  streams  or  their  tributaries,  and  the  court  of  chancery  shdl 
have  power  to  hear  and  dispose  ol^spiid  petition  or  bills  in  a  summary 
manner,  and  to  grant  any  and  all  relief  necessary  to  prevent  sud 
pollution  or  threatened  pollution  or  the  continuation  of  any  pollution 
of  said  rivers,  streams,  or  tiheir  tributaries. 

21.  The  said  board  of  sewerage  commissioners  shall  have  power 
from  time  to  time  to  adopt  all  sudi  reasonable  rules  and  regulations 
for  its  own  government  and  the  government  of  its  officers  and  agents, 
and  also  for  the  use,  protection,  and  management  of  its  works,  prop- 
erty, and  plant,  and  for  the  protection  of  the  rivers  and  streams 
within  its  district  from  pollution,  not  inconsistent  with  the  provi- 
sions of  this  act  and  the  laws  of  this  State. 

22.  The  chairman  shall  preside  at  all  meetings  of  the  sewerage 
commissioners,  and  shall,  with  the  treasurer,  sign  all  bonds,  promis- 
sory notes,  certificates  of  indebtedness,  and  other  obligations  of  the 
board ;  he  shall  also  countersign  all  checks ;  in  the .  absence  of  the 
chairman,  or  in  case  he  is  incapacitated  by  illness  or  other  cause,  ihe 
sewerage  commissioners  shall  have  power  to  elect  an  acting  chair- 
man, who  for  the  time  bein^  shall  have  all  the  powders  and  perform 
all  the  duties  of  the  chairman ;  the  treasurer  shall  give  bond  in  such 
sum  as  the  sewerage  commissioners  may  determine,  and  shall  be  the 
receiving  and  disbursing  officer  of  the  said  sewerage  commissioners, 
and  all  moneys  required  by  law  to  be  paid  to  said  sewerage  commis- 
sioners shall  be  paid  to  the  treasurer  thereof,  and  shall  be  by  him 
deposited  in  such  bank  or  banks  of  deposit  or  trust  company  or  trust 
companies  in  this  State  as  shall  be  determined  upon  by  the  said 
sewerage  commissioners;  all  disbursements  shall  l)e  by  check,  signed 
by  the  treasurer  and  countersigned  by  the  chairman ;  the  clerk  shall 
have  charge  of  the  seal  of  the  corporation  and  shall  affix  it  to  such 
instruments  as  he  shall  be  directed  by  the  said  board,  and  he  shall 
attest  the  same;  he  shall  keep  full  minutes  of  all  the  meetings  of  the 
board  and  of  its  committees  and  shall  perform  all  such  other  duties 
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as  he  may  be  directed  by  the  said  board  of  commissioners  to  perform ; 
no  deposit  of  moneys  in  the  charge  of  the  said  board  shall  be  made 
in  any  bank  or  trust  company  except  upon  the  condition  that  the 
said  board  shall  receive  interest  at  the  rate  of  not  less  than  two  per 
centum  per  annum  upon  the  said  deposits. 

23.  In  case  for  any  reason  any  section  or  any  provision  of  this  act 
shall  be  questioned  in  any  court  and  shall  be  held  to  be  unconstitu- 
tional or  invalid,  the  same  shall  not  be  held  to  affect  any  other  sec- 
tion or  provision  of  this  act. 

24.  All  acts  and  parts  of  acts  inconsistent  with  this  act  are  hereby 
repealed ;  and  this  act  shall  take  effect  immediately .<» 

Approved  April  22, 1903. 

NEW   YORK. 

CRevified  Statutes,  3d  ed.  (C.  F.  Blrdseye),  vol.  2,  pp.  2822  ff.,  Article  V:  Public  health 

law.l 

POTABLE   WATERS. 

Sec.  70.  Rules  and  regulations  of  State  hoard. — The  State  board 
of  health  may  make  rules  and  regulations  for  the  prot^x^tion  from 
contamination  of  any  or  all  public  supplies  of  potable  waters  and 

«  This  act  waa  declared  unconstitutional  by  the  court  of  errors  and  appeals  of  New 
Jersey  in  March,  1905.  Van  Cleve  r.  Passaic  Valley  Sewerage  Commissioners,  60  Atlan- 
tic Rep..  214.  It  is  retained  here,  however,  because  the  ground  upon  which  it  was  held 
unconstitutional  affects  only  the  mode  of  raising  the  necessary  funds  for  carrying  out 
the  work. 

It  was  subjected  to  an  attack  by  the  city  of  Paterson  and  by  a  property  owner  who 
had  been  assessed  for  public  sewers  in  the  city  of  Paterson.  Argument  was  conducted 
by  several  of  the  ablest  counsel  in  the  State  on  each  side  and  the  act  was  sustained 
upon  all  grounds  In  the  supreme  court,  but  by  a  divided  court.  In  the  court  of  errors 
and  appeals  the  action  of  the  supreme  court  was  reversed,  and  the  act  declared  to  be 
unconstitutional  upon  the  ground  that  it  contained  an  unlawful  delegation  to  the  sewer- 
age commissioners  of  the  power  of  taxation.  The  court  says,  per  Garrison.  J.,  "To 
relieve  a  river  from  pollution  and  to  construct  and  maintain  for  this  purpose  sewers  to 
the  seaboard  or  to  other  point  of  output  and  to  carry  away  through  such  sewers  all 
that  would  otherwise  pollute  such  river  is  clearly  within  the  power  of  the  central  legis- 
lative body." 

The  act  under  examination  authorized  the  commissioners  to  raise  by  taxation  any 
amount  in  their  discretion,  subject  only  to  the  limit  of  nine  million  dollars  ( $0,000,000  > 
In  the  matter  of  construction,  but  without  any  limit  in  the  matter  of  maintenance.  The 
taxation  was  laid  upon  a  taxation  area  that  was  not  coterminous  with  the  sewerage  dis- 
trict established  by  the  legislature;  and  neither  the  taxation  area  nor  the  sewerage  dis- 
trict is  a  political  division  of  the  State  nor  invested  with  any  governmental  function. 
The  court  held  that  the  fundamental  law  of  New  Jersey  required,  "  that  the  district  to 
be  taxed  shall  be  coterminous  with  a  district  to  which  some  right  of  local  self-govern- 
ment is  given."  The  act  is,  therefore,  held  Invalid.  The  court  then  proceeds  as  follows . 
**  Having  stated  the  considerations  that  lead  me  to  the  conclusion  that  the  act  before  us 
Is  invalid,  because  of  Its  fiscal  provision,  1  shall,  to  avoid  misapprehension,  add  that 
nothing  in  this  opinion  is  Intended  to  Imply  a  lack  of  power  in  the  legislature  to 
effectuate  the  object  expressed  in  this  act  by  means  that  are  In  harmony  with  the  funda- 
mental principles  of  taxation  Illustrated  by  the  decisions  I  have  cited.  If.  for  instance, 
as  was  suggested  by  the  arguments  before  us.  powers  adequate  to  the  execution  of  the 
legislative  scheme  of  drainage  were  conferred  upon  the  entire  area  to  l)e  taxed  and 
duties  respecting  the  exercise  of  such  powers  constitutionally  Imposed  in  such  manner 
Indicated  and  that  their  exercise  was  compulsory,  a  question  not  touched  upon  in  tl 
opinion  would  be  presented."  j 
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their  sources  within  the  State.  If  any  such  rule  or  regulation  relates 
to  a  temporary  source  or  act  of  contamination,  any  person  violating 
such  rule  or  regulation  shall  be  liable  to  prosecution  for  misdemeanor 
for  every  such  violation,  and  on  conviction  shall  be  punished  by  a 
fine  not  exceeding  two  hundred  dollars,  or  imprisonment  not  exceed- 
ing one  year,  or  both.  If  any  such  rule  or  regulation  relates  to  a 
permanent  source  or  act  of  contamination,  said  board  may  impose 
penalties  for  the  violation  thereof  or  the  noncompliance  therewith 
not  exceeding  two  hundred  dollars  for  every  such  violation  or  non- 
compliance. Every  such  rule  or  regulation  shall  be  published  at  least 
once  in  each  week  for  six  consecutive  weeks  in  at  least  one  newspa- 
per of  the  county  where  the  waters  to  which  it  relates  are  located. 
The  cost  of  such  publication  shall  be  paid  by  the  corporation  or 
municipality  benefited  by  the  protection  of  the  water  supply  to  which 
the  rule  or  regulation  published  relates.  The  affidavit  of  the  printer, 
publisher,  or  proprietor  of  the  newspaper  in  which  such  rule  or  regu- 
lation is  published  may  be  filed  with  the  rule  or  regulation  published 
in  the  county  clerk's  office  of  such  county,  and  such  affidavit  and  rule 
and  regulation  shall  be  conclusive  evidence  of  such  publication  and 
of  all  the  facts  therein  stated  in  all  courts  and  places. 

Sec.  71.  Inspection  of  water  supply, — ^The  officer  or  board  having 
by  law  the  management  and  control  of  the  potable  water  supply  of 
any  municipality,  or  the  corporation  furnishing  such  supply,  may 
make  such  inspection  of  the  sources  of  such  water  supply  as  such 
officer,  board,  or  corporation  deems  it  advisable,  and  to  ascertain 
whcth(»r  the  rules  or  re<riilations  of  the  State  lK)ard  are  complied  with. 
If  any  such  inspection  discloses  a  violation  of  any  such  rule  or  regu- 
lation relating  to  a  permanent  source  or  act  of  contamination,  such 
officer,  board,  or  corporation  shall  cause  a  copy  of  the  rule  or  regula- 
tion vi()lat«*(l  to  he  s<'rved  upon  the  person  violating  the  same  with  a 
notice  of  such  violation.  If  the  jx^rson  served  does  not  immediately 
comply  with  the  rule  or  regulation  violated,  such  officer,  l)oard,  or 
corporation  shall  notify  the  State  board  of  the  violation,  which  shall 
innnediately  examine  into  such  violation,  and  if  such  pei*son  is  found 
l)y  the  State  hoard  to  have  actually  violated  such  rule  or  regulation, 
the  secretary  of  the  State  board  shall  order  the  local  board  of  health 
of  sncli  municipality  to  convene  and  enforce  olwdience  to  such  rule 
or  regulation.  If  the  local  hoard  fails  to  enforce  such  order  within 
ten  days  after  its  receipt,  the  corporation  furnishing  such  water  sup- 
ply, or  the  municipality  deriving  its  water  supply  from  the  waters  to 
which  such  rule  or  regulation  relates,  may  maintain  an  action  in  a 
court  of  record,  which  shall  Im  tried  in  the  county  where  the  cause  of 
action  arose  against  such  person,  for  the  recovery  of  the  penalties 
incurred  by  such  violation,  and  for  an  injunction  restraining  him 
from  the  continued  violation  of  such  rule  or  regulation. 
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Sec.  71a.  RuUa  and  regulations  legalized. — All  rules  and  regula- 
tions heretofore  duly  made  and  published  for  the  sanitary  protection 
of  public  water  supplies,  pursuant  to  chap.  543  of  the  laws  of  1885 
and  chap.  661  of  the  laws  of  1893,  as  amended,  are  hereby  legalized, 
ratified,  confirmed,  and  continued  in  force  until  new  rules  and  regu- 
lations become  operative. 

Sec.  71b.  Construction  of  act. — This  act  shall  not  be  construed  to 
repeal  or  affect  any  of  the  provisions  of  chap.  378  of  laws  of  1897,  or 
its  amendments. 

Sec.  72.  Sewerage. — When  the  State  board  of  health  shall,  for  the 
protection  of  a  water  supply  from  contamination,  make  orders  or  reg- 
ulations the  execution  of  which  will*  require  or  make  necessary  the 
construction  and  maintenance  of  any  system  of  sewerage,  or  a  change 
thereof,  in  or  for  any  village  or  hamlet,  whether  incorporated  or  unin- 
corporated, or  the  execution  of  which  will  require  the  providing  of 
some  public  means  of  removal  or  purification  of  sewage,  the  munici- 
pality or  corporation  owning  the  waterworks  benefited  thereby  shall, 
at  its  own  expense,  construct  and  maintain  such  system  of  sewerage, 
or  change  thereof,  and  provide  such  means  of  removal  and  purifica- 
tion of  sewage  and  such  works  or  means  of  sewage  disposal  as  shall  be 
approved  by  the  State  board  of  health.  When  the  execution  of  any 
such  regulations  of  the  State  board  of  health  will  occasion  or  require 
the  removal  of  any  building  or  buildings  the  municipality  or  corpora- 
•  tion  owning  the  waterworks  benefited  thereby  shall,  at  its  own  ex- 
pense, remove  such  buildings  and  pay  to  the  owner  thereof  all  the 
damages  occasioned  by  such  removal. 

When  the  execution  of  any  such  regulation  will  injuriously  affect 
any  manufacturing  or  industrial  enterprise  which  is  not  a  public 
nuisance,  such  municipality  or  corporation  shall  pay  all  damages 
occasioned  by  the  enforcement  thereof.  Until  such  construction  or 
change  of  such  system  or  systems  of  sewerage,  and  the  providing  of 
such  means  of  removal  or  purification  of  sewage,  and  such  works  or 
means  or  sewage  disposal  and  the  removal  of  any  building,  are  so 
made  by  the  municipality  or  corporation  owning  the  waterworks  to 
be  benefited  thereby  at  its  own  expense  there  shall  be  no  action  or 
proceeding  taken  by  such  municipality  or  corporation  against  any 
person  or  corporation  for  the  violation  of  any  regulation  of  the  State 
board  of  health  under  this  article,  and  no  person  or  corporation  shall 
be  considered  to  have  violated  or  refused  to  obey  any  such  rule  or 
regulation.  The  ovyner  of  any  building  the  removal  of  which  is  occa- 
sioned or  required,  or  which  has  Iwen  removed  by  any  rule  or  regula- 
tion of  the  State  board  of  health  made  under  the  provisions  of  this 
article,  and  all  persons  whose  rights  of  property  are  injuriously  af- 
fected by  the  enforcement  of  any  such  rule  or  regulation,  shall  have  a 
cause  of  action  against  the  municipality  or  corporation  owning  tl 
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watenvork^  benefited  by  the  enforoement  of  such  role  or  reguktioo 
for  h\\  damages  occasioned  or  sustained  by  sudi  removal  or  enfoni^- 
iiK'fU^  tiiui  an  action  therefor  may  be  l^roug^t  against  such  minii^liml- 
Ity  or  corporation  in  any  court  of  record  in  the  county  in  which  |jit* 
pi-emii4(^  or  pro^xTty  affected  is  situated  and  shall  be  tried  therein;  or 
such  diiMiage::^  may  be  d^;ennined  by  a  special  proceeding  in  tli^  si^ 
preme  aiurt  or  tlie  county  court  of  the  county  in  which  tlie  proper! t  i:^ 
sUuatetl  Siidi  special  proceedings  shall  be  comm^nceil  by  petition 
and  notice  to  be  served  by  such  owner  upon  the  municipality  or  mr- 
ppration  in  the  same  manner  as  for  the  conmiencement  of  condmiBt- 
tiion  proceedings.  Sudi  municipality  or  corporaticm  may  trmke  and 
senre  an  answer  to  such  petiticm  as  in  condemnaticm  proceedings. 
The  petition  and  answer  shall  set  forth  the  claims  of  the  respective 
parties,  and  the  provisions  of  the  condemnation  law  diall  be  applict* 
ble  to  the  subsequent  proceedings  upon  the  petition  and  answer,  if 
any.  Either  party  may,  before,  the  service  of  the  petition  or  answa^, 
respectively,  offer  to  take  or  i>ay  a  certain  sum,  and  no  costs  sliaU  be 
awarded  against  dither  party  unless  the  judgment  is  more  unfavora- 
ble to  him  than  his  offer, 

'  Sbc.  72a.  Actions  hy  mumcipaUiies. — ^Any  incorporated  dty  or  vil- 
lage in  the  State  of  New  York  whidh  has  made  such  provision  for  the 
disposal  of  its  sewage  as  not  to  pollute  or  contaminate  tlierewith  any 
river,  stream,  lake,  or  otlier  body  of  water  may  have  and  maintain  an 
action  in  the  supreme  court  to  prevent  the  discharge  of  any  sewage  or 
substance  deleterious  to  health,  or  whidi  shall  injure  tlw  potable 
qualities  of  the  water  in  any  river,  stream,  lake,  or  other  body  of 
water  from  which  such  incorporated  city  or  village  shall  take  or 
receive  its  water  supply ;  provided,  that  such  river,  stream,  lake,  or 
other  body  of  water  is  wholly  or  in  part  within  the  boundaries  of  the 
county  in  which  such  plaintiff  is  located. 

Sec.  72b.  Duty  of  supreme  court. — Whenever  such  action  shall  be 
brought  under  the  provisions  of  this  act,  it  shall  be  the  duty  of  the 
supreme  court,  upon  proof  of  the  existence  of  facts  justifying  the 
bringing  and  maintenance  of  such  action  under  the  provisions  of  this 
act,  to  render  a  judgment  in  which  shall  be  incorporated  a  mandatory 
injunction  requiring  the  person,  body,  board,  corporation,  munici- 
pality, village,  county,  or  town  being  a  defendant  to  said  action  which 
directly  or  indirectly,  or  by  its  servants,  agents,  or  officers,  shall  dis- 
charge or  dispose  of  its  sewage  or  any  other  substance  deleterious  to 
health,  which  shall  injure  the  potable  qualities  of  the  water  in  such 
wise  as  that  the  same  shall  enter  into  any  river,  stream,  lake,  or  other 
body  of  water  from  which  such  plaintiff  shall  take  or  receive  its  water 
supply,  within  such  reasonable  time  as  may  be  prescribed  by  the 
court,  to  take  such  action  as  shall  prevent  such  discharge,  or  the  dis- 
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posal  of  such  sewage  or  other  substance  into  such  waters,  or  the  polhi- 
tion"1hereof,  with  such  further  directions  in  the  premises  as  may^be 
pro|»r  and  desirable  to  effect  such  purpose ;  provided,  that  such  river, 
strd^,  lake,  or  other  body  of  water  is  wholly  or  in  part  within  the 
boundaries  of  the  county  in  which  such  plaintiff  is  located. 

SIki.  72c.  Examinntion  by  State  board  of  health, — But  no  sudi 
action  shall  be  brought  as  provided  for  in  section  2  (i.  e.,  72b)  of  It^s 
act  until  the  State  board  of  health  has  examined  and  determined 
whether  the  sewage  does  pollute  or  contaminate  the  river,  stream, 
lake,  or  other  body  of  water  into  which  said  sewage  is  discharged. 
The  expense  of  such  examination  by  said  board  shall  be  a  charge 
upon  and  paid  by  the  municipality  in  whose  interest  and  on  whose 
behalf  such  examination  is  made. 

Sec.  72d.  Approiml  of  plans, — In  case  the  State  board  of  health 
shall  find  upon  examination  that  the  discharge  of  said  sewage  does 
pollute  or  contaminate  said  waters,  or  any  of  them,  in  such  manner 
as  to  be  of  menace  or  danger  to  the  health  of  those  using  said  waters, 
the  plans  for  the  removal  or  disposal  of  the  sewage  ordered  to  be  pre- 
pared by  the  court  as  provided  in  section  2  (i.  e.,  72b)  shall  be  sub- 
mitted to  the  State  board  of  health  for  its  approval. 

[Laws  of  11)01,  vol.  3,  p.  214,  charter  of  New  York  City.] 

Sec.  481.  It  shall  not  be  lawful  for  any  person  to  throw  or  deposit, 
or  cause  to  be  thrown  or  deposited,  in  any  lake,  pond,  or  stream,  or 
ill  any  aqueduct  from  or  through  which  any  part  of  the  water  supply 
of  the  city  of  New  York  shall  be  drawn,  or  either  of  the  reservoirs, 
any  dead  animal  or  other  offensive  matter  or  anything  whatever. 
Any  person  offending  against  the  provisions  of  this  section  shall  be 
deemed  guilty  of  a  misdemeanor,  and  upon  conviction  thereof  shall 
be  punished  by  fine  or  imprisonment,  or  both,  in  the  discretion  of  the 
court,  such  fine  not  to  exceed  the  sum  of  one  hundred  dollars  and 
such  imprisonment  not  to  exceed  a  period  of  three  months,  such 
imprisonment  to  be  in  the  jail  of  the  county  in  which  the  offense 
shall  have  been  committed. 

Sec.  482.  If  any  person  shall  willfully  do  or  cause  to  be  done  any 
act  whereby  any  work,  materials,  or  property  whatever,  erected  or 
used,  or  hereafter  to  be  erected  or  used,  within  the  city  or  elsewhere 
by  the  said  city,  or  by  any  person  acting  under  their  authority,  for 
the  purpose  of  procuring  or  keeping  a  supply  of  water,  shall  in  any 
manner  be  injured,  or  shall  erect  or  place  any  nuisance  on  the  banks 
of  any  river,  lake,  or  stream  from  which  the  water  supply  of  said  city 
shall  be  drawn,  or  shall  throw  anything  into  the  aqueduct  or  into 
any  reservoir,  or  pipe,  such  person  on  conviction  thereof  shall  b^ 
deemed  guilty  of  a  misdemeanor.  jj 
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Section  483  authorizes  the  oommksiimer  of  water  suppLy,  gupai 
dectricity  to  carry  out  the  provisiona  of  this  act  and  to  ptewt^wih 
taminatiim. 

^Section  484  authoriaes  proceedings  to  acquire  title  of  lands  i 
sary'for  this  purpose. 

By  Uws  of  1898,  ehaptw  861,  section  78,  the  disdhais^  of  ; 
or  otlier  matter  deleterious  to  public  health  or  destructive  to  fi^  into 
Wallkill  Creek,  in  the  counties  of  Ulster  and  Orange,  is  prohibited, 
and  section  74  of  the  same  act  contains  a  similar  protection  for  the 
Susquehanna  River  or  any  of  its  tributaries  between  the  Bo<^  Bot- 
tom dam  in  such  river  at  the  city  of  Binghamton  and  a  point  cme 
mile  east  of  the  bridge  that  crosses  sudi  river  at  CSonklin. 

Law  of  1893  was  amended  by  an  act  passed  in  1908,  adding  the  fol- 
lowing secti<ms: 

[Laws  of  1903,  chap.  408 ;  became  a  law  May  7.  1008,  with  the  ai>pro¥al  of  the  yD^enior: 
passed,  a  majority  beln^  present.] 

AN  ACT  to  amend  the  public  health  law  relative  to  the  discharge  of  sewage  and 
other  refaae  or  waste  matter  into  the  wat«*8  of  this  State. 

The  people  of  the  State  of  New  Yorkj  represented  in  senate  and 
assembly  J  do  enact  as  follows: 

Sec.  1.  Public  health  law  amended. — ^Article  5  of  chapter  661  of  the 
laws  of  1893,  entitled  '^An  act  in  relation  to  the  public  health,  con- 
stituting chapter  25  of  the  general  laws,"  as  amended  by  chapter  251 
of  the  laws  of  1899,  is  hereby  amended  by  adding  at  the  end  thereof 
the  following  new  sections : 

Sec.  75.  Discharge  of  sewage  and  other  refuse  matter  in  certain 
waters  prohibited. — No  person,  corporation,  or  municipality  shall 
place  or  cause  to  be  placed,  or  discharged  or  cause  to  be  discharged, 
into  any  of  the  waters  of  this  State,  unless  the  same  shall  have  been 
permitted  by  the  State  commissioner  of  health,  any  sewage,  garbage, 
offal,  dead  animal,  dead  fish,  dead  bird  or  part  thereof,  or  any  decom- 
posable or  putrescible  matter  of  any  kind,  or  any  substance,  chemical 
or  otherwise,  containing  the  same  in  quantities  injurious  to  the  public 
health,  or  any  refuse  or  waste  matter,  either  solid  or  liquid,  in  quan- 
tities injurious  to  the  public  health,  from  any  shop,  factor}',  mill,  or 
industrial  establishment,  unless  express  i^ermission  to  do  so  shall 
have  been  first  given  in  writing  by  the  State  commissioner  of  health, 
as  provided  in  this  article,  except  as  hereinafter  provided.  But  this 
act  shall  not  prevent  the  discharge  of  sewage  from  any  public  sewer 
system  owned  and  maintained  by  a  municipality,  or  the  discharge  of 
refuse  or  waste  matter  from  any  shop,  factory,  mill,  or  industrial 
establishment,  provided  such  sewer  system  was  in  operation  and  was 
discharging  sew^age,  or  such  shop,  factory,  mill,  or  industrial  estab- 
Jishment  was  in  operation  and  discharging  refuse  or  waste  matter, 
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into  any  of  the  waters  of  this  State  at  or  prior  to  the  time  of  the  pas- 
sage of  this  act,  nor  to  any  extension  or  modification  of  such  shop, 
factory,  mill,  or  industrial  establishment,  or  reconstruction  thereof, 
provided  the  refuse  or  waste  matter  discharged  therefrom  is  not 
materially  changed  or  increased;  but  this  exception  shall  not  permit 
any  increase  in  the  discharge  of  such  sewage,  nor  shall  it  permit  the 
discharge  of  sewage  from  a  sewer  system  which  shall  be  extended, 
modified,  or  reconstructed  subsequent  to  the  passage  of  this  act. 

Sec.  76.  Permission  to  discharge  sewage. — Upon  application  duly 
made  to  the  State  commissioner  of  health  by  the  public  authorities 
having  by  law  the  charge  of  the  sewer  system  of  any  municipality, 
the  State  commissioner  of  health  shall  have  iK)wer  to  consider  the 
case  of  a  sewer  system  otherwise  prohibited  by  this  act  from  dis- 
charging sewage  into  any  of  the  waters  of  the  State,  and  whenever  in 
his  opinion  the  general  interests  of  the  public  health  would  be  sub- 
served thereby  he  may  issue  a  permit  for  the  discharge  of  sewage 
from  any  such  sewer  system  into  any  of  the  waters  of  the  State,  and 
may  stipulate  in  the  permit  modifications,  regulations,  and  condi- 
tions on  which  such  discharge  may  be  permitted.  Such  permit  before 
Ijeing  operative  shall  be  recorded  in  the  county  clerk's  office  of  the 
county  wherein  the  outlet  of  the  said  sewer  system  is  located,  and  a 
copy  of  the  permit  shall  be  transmitted  by  the  State  commissioner  of 
health  to  the  board  of  health  of  the  municipality  wherein  the  outlet 
of  said  sewer  system  is  located. 

Sec.  77.  Permission  to  discharge  refuse  or  wa^te  matter  from 
industrial  establishments. — Upon  application  duly  made  to  the  State 
commissioner  of  health  by  the  proprietor,  lessee,  or  tenant  of  any 
shop,  factory,  mill,  or  industrial  establishment  from  which  the  dis- 
charge or  refuse  or  waste  matter  into  any  of  the  waters  of  the  State 
is  otherwise  prohibited  by  this  act,  the  State  commissioner  of  health 
shall  have  power  to  consider  the  case  of  the  said  shop,  factory,  mill, 
or  industrial  establishment,  and  whenever  the  public  health  and 
purity  of  the  waters  shall  warrant  it  he  shall  issue  a  permit  for  the 
discharge  of  refuse  or  waste  matter  from  such  shop,  factory,  mill,  or 
industrial  establishment  into  any  of  the  waters  of  the  State,  and  may 
stipulate  in  the  permit  such  modifications,  regulations,  and  conditions 
as  the  public  health  may  require.  Such  permit,  before  being  opera- 
tive, shall  be  recorded  in  the  county  clerk's  office  of  the  county  where 
such  shop,  factory,  mill,  or  industrial  establishment  is  located,  and  a 
copy  of  such  permit  shall  be  transmitted  by  the  State  commissioner 
of  health  to  the  board  of  health  of  the  municipality  wherein  the 
outlet  discharging  refuse  or  waste  matter  from  such  shop,  factory, 
mill,  or  industrial  establishment  shall  be  located. 

Sec.  77a.  Plans  to  he  submitted. — Before  any  conduit  or  discharge 
pipe  or  other  means  of  discharging  or  casting  any  refuse  or  wast 
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matter  from  any  Aop,  fictary,  miM,  te  industrial  eBtablishmeot  not 
constmeled  or  in  i»ooeflB  of  odnatrtaotioii  irtien  this  act  takm  dbd 
fliudl  be  put  in  or  constructed  Mt  ^  poipoee  of  disdiaigiqg  aaf 
refuse  ot  waste  matter  therefrcMn  into  any  waters  in  this  State,  tlie 
plan  or  plans  therefor,  together  with  a  statement  of  the  purpose  for 
.  whidi  the  same  is  to  be  lued,  shall  be  submitted  to  the  commianomr. 
If  the  same  is  not  detrimental  to  the  public  health  he  shall  issue  t 
permit  therefor  to  the  aiq[>licant.  No  sudi  conduit^  discharge  pqie, 
or  other  means  of  disdiarging  w  casting  any  refuw  or  waste  nutter 
from  any  sudi  shop^  fedwy,  mill,  or  estaUishment  into  any  of  tlie 
waters  of  this  State  shall  be  put  in  or  constructed  bef  cnne  sudi  ponnil 
is  granted,  and  if  put  in  w  c(mstnusfted  the  person  putting  in  or  con- 
structing or  maintaining  the  seme  diall  fdrfeit  to  the  people  of  (he 
State  five  dollars  a  day  for  eadi  day  Ihe  same  is  used  ar  maintuned 
for  sudi  purpose,  to  be  collected  in  an  act»m  brought  by  the  commk- 
sioner.  He  may  also  maintain  an  action  in  the  name  of  the  peoffi»  to 
restrain  a  violation  of  this  section. 

Sec.  78.  RevocatUm  of  pemUt^i—lSiv^ry  midi  permit  for  the  dis- 
charge of  sewage  from  a  sewer  systrai  or  for  the  disdiarge  of  refuse 
or  waste  niatter  from  a  shop,  factcnry,  mill,  ot  industrial  estaUish- 
ment shall,  wh^i  necessary  to  ccmserve  the  public  health,  be  revocabk 
or  subject  to  modification  or  diange  l^  the  State  commissioner  of 
health  on  due  notice  after  an  investigation  and  hearing  and  an  oppor- 
tunity for  all  interested  therein  to  be  heard  thereon  being  served  on 
the  public  authorities  of  the  municipality  owning  and  maintaining 
the  sewage  system,  or  on  the  proprietor,  lessee,  or  tenant  of  the  shop, 
factory,  mill,  or  industrial  establishment.  The  length  of  the  time 
after  receipt  of  the  notice  within  which  the  discharge  of  sewage  or 
of  refuse  or  waste  matter  shall  be  discontinued  may  be  stated  in  the 
permit,  but  in  no  case  shall  it  exceed  two  years  in  the  case  of  a  sewer 
system  nor  one  year  in  the  case  of  a  shop,  factory,  mill,  or  industrial 
establishment,  and  if  the  length  of  time  is  not  specified  in  the  permit 
it  shall  be  one  year  in  the  case  of  a  sewer  system  and  six  months  in 
the  case  of  a  shop,  factory,  mill,  or  industrial  establishment.  On 
the  expiration  of  the  period  of  time  prescribed  after  the  service  of  a 
notice  of  revocation,  modification,  or  change  from  the  State  com- 
missioner of  health,  the  right  to  discharge  sewage  or  refuse  or  waste 
matter  into  any  of  the  waters  of  the  State  shall  cease  and  terminate, 
and  the  prohibition  of  this  act  against  such  discharge  shall  be  in  full 
force  as  though  no  permit  had  been  granted,  but  a  new  permit  may 
thereafter  again  be  granted  as  hereinbefore  provided. 

Sec.  79.  Reports  of  municipal  authorities  to  local  hoards  of  health,— 
It  shall  be  the  duty  of  the  public  authorities  having  by  law  charge  of 
the  sewer  system  of  every  municipality  in  the  State,  from  which  sewer 
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system  sewage  was  being  discharged  into  any  of  the  waters  of  the 
State  at  the  time  of  the  passage  of  this  act,  to  file  with  the  board  of 
health  of  the  municipality  within  which  any  sewer  outlet  of  the  said 
sewer  system  is  located  and  within  sixty  days  after  the  passage  of 
this  act  a  report  of  each  sewer  system  having  an  outlet  within  the 
municipality,  which  report  shall  comprise  such  facts  and  information 
as  the  State  commissioner  of  health  may  require  and  on  blanks  or 
forms  to  be  furnished  by  him  on  application.  The  board  of  health 
of  each  municipality  being  satisfied  as  to  the  correctness  and  com- 
pleteness of  each  report  submitted  to  it  shall  within  thirty  days  after 
its  receipt  certify  the  same  and  transmit  it  to  the  State  commissioner 
of  health.  Such  report  when  satisfactory  to  the  State  conunissioner 
of  health  shall  be  filed  by  him  in  his  office  and  shall  constitute  the 
evidence  of  exemption  from  the  prohibition  of  this  act.  No  sewer 
system  shall  be  exempt  from  the  prohibition  of  this  act  against  the 
discharge  of  sewage  into  the  watei's  of  the  State  for  which  a  satis- 
factory report  shall  not  be  filed  in  the  office  of  the  State  commissioner 
of  health  in  accordance  with  this  section. 

Sec.  79a.  Reportn  of  proprietors  of  industrial  establishments. — It 
shall  be  the  duty  of  the  proprietor  of  every  shop,  factory,  mill,  and 
industrial  establishment  in  the  State  from  which  refuse  or  waste  mat- 
ter was  being  discharged  into  any  of  the  waters  of  the  State  at  the 
time  of  the  passage  of  this  act  to  file  with  the  State  commissioner  of 
health  within  sixty  days  after  the  passage  of  this  act  a  report  of  each 
shop,  factory,  mill,  and  industrial  establishment  fi*om  which  refuse 
or  waste  matter  was  being  dischargcid  through  an  outlet  within  the 
municipality  at  the  time  of  the  passage  of  this  act,  which  report  shall 
comprise  such  facts  and  information  in  i-egard  to  the  size,  location, 
and  character  of  shop,  factory,  mill,  or  industrial  establishment,  the 
machinery  in  use  therein,  and  the  character  and  quantity  of  goods 
produced  as  the  State  commissioner  of  health  may  require  and  on 
blanks  or  forms  to  be  furnished  by  him  on  application.  Such  report 
shall  be  filed  by  him  in  his  office,  and  shall  constitute  the  evidence  of 
exemption  of  the  shop,  factory,  mill,  or  industrial  establishment  from 
the  prohibition  of  this  act.  No  shop,  factory,  mill,  or  industrial  ostab 
lishment  shall  be  exempt  from  the  prohibition  of  this  act  against  the 
discharge  of  refuse  or  waste  matter  into  the  waters  of  the  State,  for 
which  a  report  shall  not  be  made  as  required  by  the  State  commis- 
sioner of  health  in  accordance  with  this  section. 

Sec.  79b.  Record  of  permits;  inspection  of  local  hoards  of  health. — 

Each  board  of  health  shall  preserve  in  its  office,  and  in  a  form  to  be 

prescribed  by  the  State  commissioner  of  health,  a  i>ermanent  record 

of  each  permit  issued  by  the  State  commissioner  of  health  granting 
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the  rig^t  to  diaduurge  sewage  or  refnae  or  wMte  nuiitar  nte  nf  «f 
the  waters  of  the  Stele  widlin  that  mnniripalifry  and  of 
tkm  of  a  pmnit;  and  ako  a  pennanent  reoord  of  cadi 
lij  the  board  of  healtli  ooDoeming  each  sewer  sfBtem  mmd  eadk  dhtp^ 
fiuAory,  mill,  or  indiutrial  eHtehKuhmmt  wfaidi  at  fiie  luae  of  the  pM- 
flige  of  this  set  was  disdiargiiig  sewage  or  refose  or  waste  nattor  iito 
any  of  the  waters  of  the  State  within  that  mimicipality.  Badi  locri 
board  of  health  diall  make  end  maintein  sndi  inqpectMn  aa  wiD  nAaD 
times  enabk  it  to  detennine  whether  this  set  is  bong  cnmpJMid  witii 
ini^  respect  to  the  discfaai^  of  sewage,  refuse,  or  waste  maltar  or  oikr 
materials  prohibited  by  this  set  into  any  of  the  waters  of  die  St^ 
within  that  municipalily.  For  the  purpose  of  sodi  inqieetMai  eiwf 
member  of  sodi  board  of  health,  or  its  health  offiours,  or  any  penos 
duly  autlKHJsed  by  it,  shall  hare  the  ri|^t  to  make  all  naoBSBu? 
ezaminatimis  of  say  pnnises,  building,  dbop,  factcMy,  mill,  indastiiil 
esteblishment,  jHrooess,  w  sewisgB  fiystem. 

Sao.  79c:  ViohOom;  service  of  notice  f  oMom  hf  loeai  ho&tii^ 
The  local  board  of  health  of  each  mnnicipalily  diall  -ptmMkpdj  waat- 
tein  every  yiolaticm  of  or  nonoomidianoe  with  any  of  the  provisMos 
of  this  act  or  of  the  pennite  for  the  discharge  of  sewage  or  refose  w 
waste  material  into  any  of  the  waters  of  the  State  herein  {Mroirided 
whidi  may  occur  within  that  municipality.  The  board  of  hesUi 
shall,  on  the  discovery  of  every  violation  of  or  noncompliance  with 
any  of  the  provisions  of  this  act  or  of  any  permit  duly  issued,  serve  a 
written  notice  on  the  person  or  corporation  responsible  for  the  viola- 
tion or  noncompliance,  together  with  a  copy  of  this  act  and  of  the 
permit,  if  any,  violated  or  noncomplied  with,  specifying  the  particu- 
lar provision  lieing  violated  or  noncomplied  with,  and  stipulating  the 
length  of  time  within  which  the  violation  or  noncompliance  must 
cease.  If  at  the  expiration  of  the  stipulated  length  of  time  the  vio- 
lation or  noncompliance  shall  still  continue,  the  board  of  health  shall 
at  once  report  the  violation  and  noncompliance  to  the  State  commis- 
sioner of  health,  who  shall  at  once  give  a  hearing  to  and  take  the 
proof  of  the  j>ersons  charged  with  such  violation  or  noncompliance 
and  investigate  the  matter,  and  if  he  finds  a  violation  or  noncom- 
pliance to  exist  he  shall  at  once  certify  the  fact  to  the  board  of 
health  of  the  municipality,  which  shall  immediately  bring  an  action 
in  a  court  of  record,  which  action  shall  be  tried  in  the  county  wherein 
the  cause  of  action  arose  against  the  person  or  corporation  respon- 
sible for  the  violation  or  the  noncompliance  for  the  recovery  of  the 
penalties  incurred  and  for  an  injunction  against  the  continuation  of 
the  violation  or  the  noncompliance. 

Sec.  79d.  Penalties, — The  penalty  for  the  discharge  of  sewage 
from  any  public  sewer  system  into  any  of  the  waters  of  the  State 
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without  a  duly  issued  permit  for  which  a  permit  is  required  by  this 
act  shall  be  five  hundred  dollars,  and  a  further  penalty  of  fifty 
dollars  per  day  for  each  day  the  offence  is  maintained.  The  pen- 
alty for  the  discharge  of  sewage  from  any  public  sewer  system 
into  any  of  the  waters  of  the  State  without  filing  a  report  for  which 
a  report  is  required  to  be  filed  with  the  board  of  health  of  the  mu- 
nicipality shall  be  fifty  dollars.  The  penalty  for  the  discharge  of 
refuse  or  waste  matter  from  any  shop,  factory,  mill,  or  industrial 
establishment  for  which  a  permit  is  required  by  this  act  without  such 
permit  shall  be  one  hundred  dollars  and  ten  dollars  a  day  for  each 
day  the  offence  is  maintained.  The  penalty  for  the  discharge  of 
refuse  or  waste  matter  from  any  shop,  mill,  factory,  or  industrial 
establishment  without  filing  a  report  where  a  report  is  required  by 
this  act  to  be  filed  shall  be  twenty-five  dollars  and  five  dollars  per  day 
for  each  day  the  offence  is  maintained.  The  penalty  for  discharging 
into  any  of  the  waters  of  the  State  any  other  matter  prohibited  by 
this  act  besides  that  specified  above  shall  be  twenty-five  dollars  and 
five  dollars  per  day  for  each  day  the  offence  is  maintained. 

Sec.  2.  Commonrlaw  rights  not  affected, — Nothing  in  this  act  shall 
be  construed  to  diminish  or  otherwise  to  modify  the  common-law 
rights  of  riparian  owners  in  the  quality  of  waters  of  streams  covered 
by  such  rights,  nor  in  the  case  of  actions  brought  against  the  pollu- 
tion of  waters  to  limit  their  remedy  to  indemnities. 

Sec.  3.  This  act  shall  take  effect  immediately. 

[Laws  of  1905,  chap.  454.1 

AN  ACT  regulating  the  sanitary  condition  of  bathing  establishments,  and  amending 
section  two  hundred  and  twelve  of  chapter  twenty-flve  of  the  general  public  health 
laws,  as  amended  by  the  laws  of  eighteen  hundred  and  ninety-three:  being  renum- 
bered by  the  Iaw6  of  nineteen  hundred,  chapter  six  hundred  and  sixty-seven  ;  number 
of  section  being  originally  two  hundred  and  two. 

Section  1.  Section  two  hundred  and  twelve  of  chapter  twenty-five 
of  the  general  public  health  laws,  as  amended  by  the  laws  of  eighteen 
hundred  and  ninety-three,  is  hereby  amended  so  as  to  read  as  follows : 

§  212.  Regvlating  the  sanitaTy  eonditioti  of  bathing  establishments 
and  the  preservation  of  life  at  bathing  places. — It  shall  be  unlawful 
for  any  person  to  maintain,  either  as  owner  or  lessee,  any  bathing 
establishment  of  any  kind,  in  this  state,  for  the  accommodation  of 
persons,  for  pay,  or  any  consideration,  at  a  point  less  than  five  hun- 
dred feet  from  any  sewer  connection  emptying  therein,  or  thereat,  so 
as  to  pollute  in  any  way,  the  waters  used  by  those  using  or  hirin«r 
bathing  houses  at  such  bathing  establishments:  it  shall  l>e  the  duty 
of  such  owner  or  lessee  to  provide  separate  toilet  rooms,  with  water- 
closets  properly  provided  with  sanitary  plmnbing,  constructed  in  a 
manner  approved  by  the  local  board  of  health  and  in  such  a  way  as 
not  to  contaminate  the  waters  used  by  the  bathers:    it  shall  also  Ihj 
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out  a  mmilar  [jormit  fiHim  the  commissioner  of  health.  WTien  nppU<*i- 
tion  shall  \tv  made  for  a  permit  under  either  of  the  ttLK>ve  provisions 
of  thii^  section,  it  sliall  Ik^  the  K\nty  of  tlie  commifisioner  to  prm^eetl  t<5 
examine  the  apjylJaUion  wilhuut  dehiy,  and,  a^  soon  ns  pf^^ihU\  hft 
shall  make  a  deci&^ioi^  in  writing;  mid,  within  thirty  days  after  such 
decision,  the  eorjwration,  ctan]>any,  or  indiridual  making  wiicdi  apj^th 
cation  nuiy  appeal  to  any  i**urt  uf  i-onmion  pleat*  of  the  county,  and 
said  court  shall,  without  delay,  hear  the  appeaU  and  shall  make  aji 
orth*r  n|>j>n>vinfr*  s<»tting  aside,  nr  niodifving  Kuch  decision,  or  Using 
the  ternjis  njx»n  which  said  jK*rnut  shnll  l)e  granted.  The  penalty  for 
failure  to  file  copies  of  plans,  surveys^*  and  descriptions  of  exii^tiig 
waterworks  within  the  time  hereinl>efore  fixed,  and  for  the  con^^tnic- 
tion  or  extension  of  waterwork>^,  or  the  list*  of  an  additional  source 
of  mipply  without  a  [x*nnit  from  the  commissioner  of  he^ilth,  sHjUI 
\h^  five  Iiiindn^d  dollrtrs.  and  further  ixnialty  of  fifty  dollai"s  per  day 
for  ethh  day  thiU  the  works  ure  in  <jpenition  contrary  to  the  pro- 
vision** of  this  act,  i*ecoverable  by  tJie  Connnon wealthy  at  the  snit  of 
the  commissioner  of  health,  m^  debts  of  like  amount  an*  recoverable 

^y  law. 

V  KEr.4.  No  i>erKm,  corporation,  or  munieipatity  sliall  plact*,  or  j>er- 
m\i  to  Im*  phn*ed,  nr  dis(*!iarge,  oi-  |>enuit  to  flow  iiiti>  any  of  tli« 
w a  t  e r s  of  the  State,  any  si* w a ge ,  exce| )t  a s  h ere i na  fte r  p n y\n Im  L  Bi v 
this  act  shall  not  apply  to  waters  pumped  *»r  flowing  from  coal  minesi 
or  tanneries,  nor  prevent  the  discharge  of  sewage  from  any  public 
sewer  system,  owned  and  maintained  by  a  municipality,  provided 
such  sewer  system  was  in  operation  and  was  discharging  sewage  into 
any  waters  of  the  Stafe  at  the  time  of  the  passage  of  this  act.  But 
this  exception  shall  not  permit  the  discharge  of  sewage  from  the 
sewer  system  which  shall  be  extended  subsequent  to  the  passage  of 
this  act. 

For  the  purpose  of  this  act,  sewage  shall  be  defined  as  any  substance 
that  contains  any  of  the  waste  products,  or  excrementitious  or  other 
discharges  from  the  bodies  of  human  beings  or  animals. 

Sec.  5.  Upon  application  duly  made  to  the  commissioner  of  health, 
by  the  public  authorities  having  by  law  the  charge  of  the  sewer  sys- 
tem of  any  municipality,  the  governor  of  the  State,  the  attorney-gen- 
eral, and  the  commissioner  of  health  shall  consider  the  case  of  such 
a  sewer  system,  otherwise  prohibited  by  this  act  from  discharging 
sewage  into  any  of  the  waters  of  the  State,  and,  whenever  it  is  their 
unanimous  opinion  that  the  general  interests  of  the  public  health 
would  \)e  subserved  thereby,  the  commissioner  of  health  may  issue 
a  permit  for  the  discharge  of  sewage  from  any  such  sewer  system 
into  any  of  the  waters  of  the  State,  and  may  stipulate  in  the  permit 
the  conditions  on  which  such  discharge  may  be  permitted.     Such  per- 
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mit,  before  being  operative,  shall  be  recorded  in  the  office  of  the  re- 
corder of  deeds  for  the  county  wherein  the  outlet  of  the  said  sewer 
system  is  located.  Every  such  permit  for  the  discharge  of  sewage 
from  a  sewer  system  shall  be  revokable,  or  subject  to  modification  and 
change,  by  the  commissioner  of  health,  on  due  notice,  after  an  inves- 
tigation and  hearing,  and  an  opportunity  for  all  interested  therein  to 
be  heard  thereon  being  served  on  the  public  authorities  of  the  munic- 
ipality owning,  maintaining,  or  using  the  sewage  system.  The  length 
of  time  after  receipt  of  the  notice  within  which  the  discharge  of 
sewage  shall  be  discontinued  may  be  stated  in  the  permit,  but  in  no 
case  shall  it  be  less  than  one  year  or  exceed  two  years,  and  if  the 
length  of  time  is  not  specified  in  the  permit  it  shall  be  one  year.  On 
the  expiration  of  the  period  of  time  prescribed,  after  the  service  of  a 
notice  of  revocation,  modification,  or  change,  from  the  commissioner 
of  health,  the  right  to  discharge  sewage  into  any  of  the  waters  of  the 
State  shall  cease  and  terminate;  and  the  prohibition  of  this  act 
against  such  discharge  shall  be  in  full  force,  as  though  no  permit  had 
been  granted,  but  a  new  permit  may  thereafter  again  be  granted,  as 
hereinbefore  provided. 

Sec.  6.  It  shall  be  the  duty  of  the  public  authorities  having  by 
law  charge  of  the  sewer  system  of  every  municipality  in  the  State 
from  which  sewage  was  being  discharged  into  any  of  the  waters  of 
the  State  at  the  time  of  the  passage  of  this  act,  to  file  with  the 
commissioner  of  health,  within  four  months  after  the  passage  of 
this  act,  a  report  of  such  sewer  system,  which  shall  comprise  such 
facts  and  information  as  the  commissioner  of  health  may  require. 
No  sewer  system  shall  be  exempt  from  the  provisions  of  this  act 
against  the  discharge  of  sewage  into  the  waters  of  the  State  for 
which  a  satisfactory  report  shall  not  be  filed  with  the  commissioner 
of  health  in  accordance  with  this  section. 

Sec.  7.  The  penalty  for  the  discharge  of  sewage  froip  any  public 
sewer  system  into  any  of  the  waters  of  the  State  without  a  duly 
issued  permit  in  any  case  in  which  a  permit  is  required  by  this  act 
shall  be  five  hundred  dollars,  and  a  further  penalty  of  fifty  dollars 
per  day  for  each  day  the  offense  is  maintained,  recoverable  by  the 
Commonwealth  at  the  suit  of  the  commissioner  of  health  as  debts  of 
like  amount  are  recoverable  by  law.  The  penalty  for  the  discharge 
of  sewage  from  any  public  sewer  system  into  any  of  the  waters  of 
the  State  without  filing  a  report,  in  any  case  in  which  a  report  is 
required  to  be  filed,  shall  he  fifty  dollars,  recoverable  by  a  like  suit. 

Sec.  8.  All  individuals,  private  corporations,  and  companies  that, 
at  the  time  of  the  passage  of  this  act,  are  discharging  sewage  into 
any  of  the  waters  of  the  State  may  continue  to  discharge  such  sew- 
age unless,  in  the  opinion  of  the  commissioner  of  health,  the  discharge 
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of  mdk  sewage  may  become  injiirMNis.to  tiie  public  health.  If  it 
any  time  the  oommiasioDer  of  health  conridors  that  the  discharge  of 
sndi  sewage  into  any  of  the  waters  of  thii  State  may  beoome  inj  orioos 
to  the  poMic  health  he  may  order  the  disdiaige  of  sodi  sewage 
diso(mtinned« 

Sac.  9.  Every  individual,  private  corporation,  or  company  ahall 
disocmtinue  the  disdiarge  d  sewage  into  any  of  the  waters  of  tlie 
State  within  ten  days  after  having  been  so  ordered  hy  the  commb* 
sioner  of  health. 

Sac.  10.  Any  individnal,  private  corporation,  or  company  that 
shall  disdiarge  sewage,  oa^  permit  the  same  to  flow,  into  the  waters 
of  tb»  State  contrary  to  ijhe  pcovinoDS  of  this  act  dball  be  deemed 
goilty  of  a  misdemeanor,  land  shall  npon  conviction  be  pmiished  by 
a  fine  of  twenty-five  doi|irs  for  each,  offense  and  a  farther  fine  of 
five  dollars  per  day  for  eadi  day  the  offense  ia  maintained,  or  by 
impriscmment  not  ezceediiemf  one  month,  or  both,  at  the  diaeretkn  of 
the  court. 

Sac.  11.  Any  wder  or  decision,  under  this  act,  of  the  oommissioDer 
of  health,  or  that  of  the  governor,  attorne^^general,  and  comrniw 
sioner  of  health,  shall  be  subject  to  an  appear  to  any  court  of  com- 
mon pleas  of  the  county  wherrin  the  outlet  of  audi  sewer  or  sewer 
system,  otherwise  prdliibited  by  this  act,  is  situated;  and  said  court 
shall  have  power  to  hear  said  appeal,  and  nmy  aflirm  or  set  aside 
said  order  or  decision,  or  modify  the  same,  or  otherwise  fix  the  terms 
upon  which  permission  shall  be  granted.  But  the  order  or  decision 
appealed  from  shall  not  be  superseded  by  the  appeal,  but  shall  stand 
until  the  order  of  the  court,  as  above. 

Approved  the  22d  day  of  April,  A.  D.  1905. 

[I^WB  of  1905,  No.  223.) 

AN  ACT  authorizing  and  empowering  cities,  owning  and  operating  waterworks 
systems,  to  enter,  by  any  of  its  employes,  upon  private  lands  through  which 
may  pass  any  stream  or  streams  of  water  supplying  such  cities,  for  the  pur- 
pose of  patrolling  the  drainage  area,  and  making  investigations  or  inquiries 
I)ertaining  to  the  condition  of  the  stream  or  streams,  sanitary  or  otherwise. 

Sec.  1.  Be  it  enacted,  cf'c..  That  any  city  owning  and  oi>erating  a 
waterworks  system  is  hereby  authorized  and  empowered  to  enter,  by 
any  of  its  employes,  upon  private  lands  through  which  may  pass 
any  stream  or  streams  of  water  supplying  such  city,  for  the  purpose 
of  patrolling  the  drainage  area  of  such  stream  or  streams,  and  making 
investigations  or  inquiries  pertaining  to  the  condition  of  the  stream  or 
streams,  sanitary  or  otherwise;  Provided,  however.  That  any  injurj' 
or  damage  done  to  the  property  so  entered  upon  shall  be  paid  by  such 
city. 

Approved  the  ^d  day  of  May,  A.  D.  1905. 
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^^SRMONT. 

[Statutes,  1804,  p.  842,  Preservation  of  public  health.] 

Sec.  4695.  If  any  person  puts  or  causes  to  be  put  a  dead  animal  or 
animal  substance  into  or  upon  the  bank  of  a  lake,  pond,  running 
stream,  or  spring  of  water  so  that  it  is  drawn  or  washed  into  the  same, 
and  suffers  it  to  remain  therein,  he  shall  be  fined  not  more  than  twenty 
dollars  and  not  less  than  five  dollars. 

[Laws  of  1808.  No.  150.  p.  115.] 

AN  ACT  in  amendment  of  act  No.  137  of  the  act»  of  1894,  relatlnj?  to  iK>llntiou  of 
the  waters  of  Missisquoi  River. 

It  is  hereby  enacted  hy  the  general  assemhly  of  the  State  of  Ver- 
niont: 

Section  1,  number  137,  of  the  public  act.s  of  1894,  is  hereby 
amended  so  as  to  read  as  follows:  "A  person  owning  or  operating  a 
mill  who  shall  by  himself  or  his  agent  deposit  or  suffer  to  h^  deposited 
any  sawdust,  shavings,  or  any  mill  refuse  in  the  waters  of  the  Missis- 
quoi  River  above  Enosburgh  Falls,  or  in  any  of  the  tributaries  of  said 
Missisquoi  River  above  Enosburgh  Falls,  shall  be  fined  not  less  than 
twenty  dollars  nor  more  than  one  hundred  dollars,  in  the  dis(Tetion 
of  the  court,  for  each  offence.'' 

Sec.  2.  This  act  shall  take  effect  from  March  1st,  1899.  Approved 
November  16th,  1898. 

I  Laws  of  1002,   No.   115.   p.   144.] 

AN  ACT  to  prevent  the  iwllutlon  of  the  sources  of  water  supply,  ns  a  mended  by 

Xo.  141,  Laws  of  1904. 

It  is  hereby  enacted  hy  the  general  assemhly  of  the  State  of  Ver- 
mont: 

Section  1.  The  State  board  of  health  shall  have  the  general  over- 
sight and  care  of  all  waters,  streams,  and  ponds  used  by  any  cities, 
towns,  villages,  or  public  institutions,  or  by  any  water  or  ice  compa- 
nies in  this  State  as  sources  of  water  supply,  and  of  all  springs, 
streams,  and  water  cours(*s  tributary  thereto.  It  shall  have  power  to 
call  for,  and  when  it  calls  for  it  shall  be  provided  with  maps.  j)lans, 
and  documents  suitable  for  such  purposes,  at  the  expense  of  such  city, 
town,  village,  public  institution,  water  or  ice  company,  and  shall  keep 
records  of  all  its  transactions  relative  thereto. 

Said  board  shall  have  authority  to  prohibit  any  town,  city,  village, 
public  institution,  individual  or  water  or  ice  company  from  using 
water  or  ice  from  any  given  .source  wh(»never  in  its  opinion  the  same 
is  so  contaminated,  unwholesome  and  impure  that  the  use  thereof 
endangers  the  public  health.     And  the  court  of  chancery  shall  have 
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juritdiotion  and  power,  upon  spidicitkii  dmeCar  bj  tfe  State  I 
of  healthy  to  enfovoehy  proper  order  and  deanee  ugr  ador,  nda  « 
regulation  which  said  board  may  make  ooder  and  h^  viitae  of  tlii 

eeotion* 

*  Sio.  S.  Said  board  may  cause  CTamiijatioiiH  ai  mmA  wain  la  k 
made  to  ascertain  the  parity  and  fitneae  ior 
liability  to  impair  tiie  interests  of  the  piddie  or  of 
using  them  or  to  imperil  the  pnWc  health.    B;  nmj 
regulations  to  prevent  the  poUution  and  to  seenre^die 
taction  of  all  such  wsters  as  are  used  as  sources  of  water 

Sio.  8.  The  publicaticm  of  an  order,  mky  or  regidstkHi 
the  board  und«r  the  provisions  of  sec  2  or  sed  ft  hereofp  in  Hie  i 
paper  of  any  town  or  village  in  wUdi  spd^  order,  rule,  or  ] 
is  to  take  effect,  or  if  no  newqwper  is  puMisfaed  in  andt  cHjr,  torn,' 
or  village,  the  posting  of  %  copy  of  sodh  order,  role,  or  rv^^idalMi  is 
three  public  places  in  such  dty,  town,  or  village,  ahiill  be  kgal  notics 
to  all  persons,  and  an  aiBdavit  of  sndi  puUicataon  or  poolu^  by  Ae 
persons  causing  such  to  be  published  or  posted,  filed,  sad  iworM 
with  a  copy  of  the  notice  in  the  office  of  the  ckric  of  sodi  cHy,  towa, 
or  village  shall  be  admitted  as  evidence  of  the  time  at  whidi  and  flM^ 
place  and  manner  in  whidi  the  nodoe  was  giv^L 

Sac.  4.  Said  board  shall  include  in  its  Inamial  report  to  the  gaa*^ 
oral  SHMenibly  itH  doings  for  the  preceding  biennial  term,  and  shsQ 
n'roiniiuMul  luoasures  for  the  prevention  of  the  pollution  of  such 
\vati»rs  Hixl  for  tho  I'cinoval  of  polluting  substances  in  order  to  pro- 
Uh'{  and  dovolop  tlu»  rights  and  property  of  the  State  therein,  and  to 
protoot  tho  public  health,  and  shall  recommend  any  le^lation  or 
plans  for  systems  of  main  sewers  necessary  for  the  preservation  of 
(ho  public*  health  and  for  the  purification  and  prevention  of  pollution 
of  the  ponds,  streams,  and  waters  of  the  State.  It  shall, m^so  give 
noti(*o  to  the  Static's  attorney  for  the  county  wherein  any  violation  of 
tlu»  law  ivlative  to  the  pollution  of  the  water  supplies  occurs.  It 
shall  have  the  power  to  employ  such  expert  assistants  as  it  considers 
neivssary. 

Skc.  5.  Cities,  towns,  villages,  and  persons  shall  submit  to  said 
lM)ard  for  its  a<lvi(»e  their  pn)posed  systems  of  public  water  supply  or 
for  the  disposal  of  drainage  or  sewage.  Said  board  shall  consult 
with  and  advise*  the  authorities  of  the  cities,  towns,  villages,  and 
{persons  having  or  about  to  have  systems  of  public  water  supply, 
draimigi*,  or  sewage,  as  to  the  most  appropriate  sources  of  water 
supply,  and  the  best  methods  of  assuring  its  purity  or  as  to  the  best 
methods  of  disposing  of  their  drainage  or  sewage,  with  reference 
to  the  existing  and  future  needs  of  other  cities,  towns,  villages,  or 
pei'sons  which  may  be  affected  thereby.  It  shall  also  consult  with 
and  advise  persons  engaged  or  intending  to  engage  in  any  manu< 
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facturing  or  other  business  whose  drainage  or  sewage  may  tend  to 
pollute  any  water  or  source  of  water  supply  as  to  the  best  method 
of  preventing  such  pollution,  and  it  may  conduct  exi>eriments  to 
determine  the  best  methods  of  purification  or  disposal  of  drainage 
or  sewage.  No  person  shall  be  required  to  bear  the  expense  of  such 
consultation,  advice,  or  experiments.  In  this  section  the  term 
'*  drainage  '■  means  the  rainfall,  vSurface,  and  subsoil  water  only,  and 
"  sewage  "  means  domestic  and  manufacturing  filth  and  refuse. 

Sec.  6.  Upon  petition  to  said  board  by  the  mayor  of  a  city,  the 
selectmen  of  a  town,  the  trustee  or  bailiflF  of  a  village,  the  managing 
board  or  officer  of  any  public  institution,  or  by  a  board  of  water  com- 
missioners, or  the  president  of  a  water  or  ice  company,  stating  that 
manure,  excrement,  garbage,  or  any  other  matter  is  polluting  or  tend- 
ing to  pollute  the  water  of  any  stream,  pond,  spring,  or  water  course 
used  by  such  city,  town,  village,  institution,  or  company  as  a  source 
of  water  supply,  the  board  shall  appoint  a  time  and  place  within  the 
county  where  the  nuisance  or  pollution  is  alleged  to  exist,  for  hear- 
ing, and  after  notice  thereof  to  parties  interested  and  a  hearing,  if  in 
its  judgment  the  public  health  so  requires,  shall,  by  an  order  served 
upon  the  party,  company,  or  premises  so  polluted,  prohibit  the  deposit, 
keeping,  or  discharge  of  any  such  cause  of  pollution,  and  shall  order 
him  to  desist  therefrom  and  to  remove  any  such  cause  of  polhition; 
but  the  board  shall  not  prohibit  the  cultivation  or  use  of  soil  in  the 
ordinary  methods  of  agriculture  if  no  human  excrement  is  used 
therefor. 

Said  board  shall  not  prohibit  the  use  of  any  structure  which  w^as  in 
existence  at  the  time  of  the  passage  of  this  act  upon  a  complaint 
made  by  the  board  of  water  commissioners  of  any  city,  town,  or  vil- 
lage, or  by  any  water  or  ice  company,  unless  such  board  of  water 
commissioners  or  company  files  with  the  State  board  a  vote  of  its  city 
council,  i^lectmen,  trustees,  or  bailiffs,  or  company,  respectively. 
that  such  city,  town,  village,  or  company  will,  at  its  own  expense, 
make  such  change  in  said  structure  or  its  location  as  said  board  shall 
deem  expedient.  Such  vote  shall  l>e  binding  <m  such  city,  town, 
village,  or  company.  All  damages  caused  by  such  change  shall  be 
paid  by  such  city,  town,  village,  or  company,  and  if  the  parties  can 
not  agree  thereon  such  city,  town,  village,  or  company  shall  tender 
to  the  parties  sustaining  damages  such  a  sum  of  money  as  in  their 
judgment  is  a  reasonable  compensation  for  the  damages  sustained. 
Whoever  is  aggrieved  by  an  order  under  the  provisions  of  the  pre- 
ceding section,  or  with  the  sum  so  tendered  as  damages,  may  appeal 
therefrom  in  the  manner  provided  in  Vermont  statutes,  sec.  *V^i4  to 
^17,  inclusive,  relating  to  highways.  But  the  notice  therein  pro- 
vided for  shall  be  served  on  the  party  or  parties  who  are  petitioners 
in  fact  under  section  6  of  this  act,  and  also  upon  the  State  booird  <^1  ^ 
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health.  If  the  appeal  be  only  from  the  compensation  for  damages, 
the  order  of  the  board  shall  be  complied  with  during  the  pendency  of 
such  appeal  unless  otherwise  authorized  by  said  lx)ard. 

Sec.  7.  The  court  of  chancery  shall  have  jurisdiction  and  power, 
upon  application  thereto  by  the  State  board  of  health  or  any  party 
interested,  to  enforce  it.s  orders,  or  the  orders,  rules,  and  regulation*? 
of  said  l)oard  of  health,  and  to  restrain  the  use  or  occupation  of  the 
l)remises  or  such  portion  thereof  as  said  board  may  sj^ecify,  on  which 
said  material  is  deposited  or  kept  or  such  other  cause  of  pollution  ex- 
ists, until  the  orders,  rules,  and  regulations  of  said  board  have  been 
complied  with. 

Sfx'.  8.  Said  board  of  health  may  by  itself,  its  servants  and  agents, 
inter  any  building,  structure,  or  premises  for  the  purpose  of  a-^cer- 
taining  whether  sources  of  pollution  or  danger  to  the  water  supply 
there  exist  and  whether  the  rules,  regulations,  and  ordei-s  aforesaid 
sire  obeyed. 

Sec.  9.  Wlioever  violates  any  rule,  regulation,  or  order  made  under 
the  provisions  of  section  2  or  section  6  of  this  act  shall  be  punished 
for  each  offense  by  a  fine  of  not  more  than  five  hundred  dollars  to 
the  use  of  the  State,  or  by  imprisonment  for  not  more  than  one  year, 
or  by  both  such  fine  and  imprisonment. 

Sec.  10.  No  sewage,  drainage,  i-efuse,  or  polluting  matter  of  snch 
kind  and  amount  as  either  by  itself  or  in  connection  with  other  matter 
will  corrupt  or  impair  the  quality  of  the  water  of  any  pond  or  stream 
used  as  a  source  of  ice  or  water  supply  by  a  city.  town,  village,  piihlie 
institution,  or  water  conipany  for  donn^stic  use,  or  render  it  injurious 
to  health,  shall  l)e  discharged  into  any  such  streams,  ponds,  or  upon 
their  hanks. 

Sk(  .  I'J."  The  court  of  chancery,  upon  the  application  of  a  mayor  of 
a  city,  the  selectmen  of  a  town,  the  trustees  or  bailiffs  of  an  incor- 
j)orated  village,  the  managing  lx)ard  or  officer  of  a  public  institution. 
(iv  a  water  oi-  ice  company  interested,  shall  have  jurisdiction  in  equity 
to  enjcHn  the  violation  of  the  provisions  of  secticm  10. 

Se(  .  1.*).  AA'luMncr  wilfully  deposits  excrement  or  foul  or  diK^-ayin^' 
matter  in  water  which  is  used  for  the  purptxse  of  domestic  water  sup- 
ply or  (ui  the  shore  thereof  within  five  rods  of  the  water  shall  be  pun- 
ished by  a  tine  of  not  more  than  fifty  dollars  or  by  imprisonment  for 
not  more  than  thirty  days:  and  a  constable  of  a  town  or  police  ofhtvr 
of  a  city  (H-  village  in  which  such  water  is  wholly  or  partially  situatoil 
may  act  within  the  limits  of  his  city  or  town,  and  any  executive  ortinM' 
or  agent  of  a  water  hoard,  board  of  water  commissioners,  public  insti- 
tution, or  water  conipany  furnishing  water  or  ice  for  domestic  pur- 
poses, acting  upon  the  premises  of  such  board,  institution,  or  company. 

"  Soction  11  r»»pealf»d. 
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nnd  not  more  than  five  rods  from  the  water,  may  without  a  warrant 
arrest  any  person  found  in  the  act  of  violating  the  provisions  of  this 
section  and  detain  him  until  complaint  may  be  made  against  him 
therefor.  But  the  provisions  of  this  section  shall  not  interfere  with 
the  sewerage  of  a  city,  town,  village,  or  public  institution,  or  prevent 
the  enriching  of  land  for  agriculture  by  the  owner  or  occupant  thereof. 

Sec.  14.  Each  member  of  the  State  board  of  health  shall  receive 
four  dollars  jx^r  day  and  actual  exi^enses  while  in  the  discharge  of  the 
duties  imposed  by  this  act.  The  State  auditor  is  directed  to  draw  his 
order  on  the  State  treasurer  every  six  months  for  such  sums  as  are 
necessary  to  meet  the  exi)enses  of  said  board  under  the  provisions  of 
this  act. 

Approved  December  1*2,  1902. 

CJEXERAJL  KUIiEH. 

The  foregoing  compendium  of  common  and  statute  law  may  be 
summarized  and  stated  in  a  few  general  ruk\s,  which  will  perhaps  be 
useful  to  propei'ty  owners  and  also  to  officA»rs  charged  with  the  duty 
of  protecting  health  and  property  rights  in  watei^s. 

In  the  nature  of  the  case  these  rules  can  be  only  general,  and  many 
exigencies  will  appear  in  which  more  particular  instructions  nuist  be 
obtained  from  the  consultation  of  text-books  and  decisions  or  from 
the  advice  of  counsel. 

I.  RIGHTS  AND  DUTIES  OF  RIPARIAN  OWNERS. 

Every  riparian  owner  has  the  right — 

1.  To  use  the  waters  of  streams,  navigable  or  otherwise,  which  flow 
across  or  along  his  proi)erty  for  the  ordinary  purposes  incidental  to 
domestic  life  and  agriculture,  including  grazing. 

2.  To. Use  such  waters  for  water  power  and  for  all  kinds  of  manu- 
facturing purposes  which  do  not  sensibly  diminish  the  qnantity  which 
flows  oir  for  the  use  of  lower  proprietor's  nor  change  the  quality  of 
the  waters  to  any  appreciable  extent,  nor  interfere  with  the  use  of 
the  stream,  if  navigable  by  the  public. 

3.  To  have  such  waters  flow  to  him  from  the  premises  of  higher 
proprietors  not  unreasonably  diminished  nor  diverted  nor  rendered 
impure  by  the  farming  or  domestic  uses  to  which  the  waters  are  sub- 
jected by  higher  proprietors. 

4.  To  have  such  waters  flow  to  him  not  sensibly  changed  in  quality 
by  any  manufacturing  or  other  uses  to  which  they  may  have  l>een 
jmt  by  higher  proprietors. 

5.  To  have  such  waters  flow  to  him  in  their  natural  bed,  unpolluted 
by  any  deposits  of  filth  or  any  other  substance  in  the  bed  or  channel 


14S  IAW8  womsamvxa.  mjoxihWJcnaL  Tou^vTum.      m^uoL 

previoualy  tnvereed  hj  tbem.  But  8,  4,  and  S  do  not  ^ppfy  to 
riparian  owners  in  those  States  in  whidi  die  doctrine  of  j^ior  appro- 
priation is  the  hiw.    (See  pp.  21-8S.) 

Convent,  it  is  the  diit;^  of  every  riparian  ofnowr — 

L  To  so  guard  his  uae  of  the  waters  of  streams  wiiicii  flow  mnm 
or  along  his'jpfqperty  for  domeslie  and  agricoUnml  piorposes  as  aot 
nnreascmably  to  divert  not  diminish  nw  render  impure  saA  watem 

2.  To  refrain  from  every  use  in  manufaduring  which  will  divert  or 
sensibly  diminish  the  quantity  of  the  waters  which  flow  onwaid  to 
the  lower  proprietors  or  render  than  appreciably  differeat  in  quahtj. 

8.  To  refrain  from  depositing  any  filth  or  other  rabstanoe  in  tke 
bed  of  sudi  streams  in  sudi  a  manner  or  to  such  an  extent  as  wiU 
cause  the  waters  to  iBow  to  the  lower  proprietors  out  of  tiieir  natunl 
bed  or  will  in  anywise  pollute  them  or  render  them  impure. 

Where  the  doctrine  of  ^ior  appn^uriation  is  in  force  the  appro- 
priator  must  confine  his  use  of  the  appropriated  wat^  to  the  use  for 
whidi  he  has  appropriated  it  and  take  only  so  mudi  as  is  reasinablf 
necessary  to  acccnnpUah  that  purpose.  He  may  not  p<dlute  the  stresa 
wantonly,  nor  by  raing  it  for  purposes  not  included  in  his  aj^m^inni- 
tion.  Subject  to  these  restrictions,  the  prior  appropriator  has  the 
ri^  to  divert  fnmi  the  stream  and  use  as  much  of  the  wat«r  as  k 
necessary  to  accxmiplish  the  purpose  for  whidi  it  was  appropriated. 

II.  RIGHTS  AND  DUTIES  OP  MUNICIPAL  CORPORATIONS. 

Considered  as  corporate  entities,  municipal  corjwrations  have  such 
rights  and  jwwers  only  as  are  conferred  upon  them  by  statute,  either 
expressly  or  by  necessary  implication. 

AVhen,  under  due  authority,  they  become  the  owners  of  lakes,  reser- 
voirs, and  natural  streams,  they  have  the  same  rights  to  pure  water, 
and  are  charged  with  the  same  duties  as  are  other  ripairian  pro- 
prietors. 

If  authorized  to  construct  a  system  of  sewers  draining  into  a 
stream,  such  authority  does  not  exempt  them  (except  in  the  State  of 
Indiana )  from  the  duty  not  to  pollute  the  stream  to  the  damage  of 
lower  proprietors. 

The  rights  of  property  owners,  specified  in  3,  4,  and  5  above  are 
property  rights  and  can  not  be  taken  away  from  owners  for  public 
use  except  upon  payment  therefor  of  an  amount  determined  by  con- 
stitutional condemnation  proceedings  authorized  by  statute. 

Therefore,  until  municipal  corporations  have,  by  such  proceedings, 
acquired  the  rights  of  all  lower  proprietors  and  paid  for  them,  they 
are  required  in  all  cases  to  refrain  from  the  pollution  of  streams  to 
the  same  extent  as  private  owners. 


GOODia-L.]  PROGRESS  OF   LEGISLATION.  143 

III.  RIGHTS  AND  DUTIES  OF  THE  PUBLIC. 

By  "  the  public  "  is  meant  that  indefinite  number  of  individuals, 
whether  larger  or  smaller,  who  occupy  as  a  common  habitation  a 
neighborhood,  village,  town,  State,  or  country.  Rights  and  duties 
which  affect  inhabitants  of  the  neighborhood,  village,  town,  State,  or 
country  as  a  whole,  or  a  considerable  but  indefinite  number  of  them, 
nre  called  ''  public  ■'  rights  and  duties. 

The  public,  in  this  sense,  aside  from  the  right  to  use  navigable 
waters  for  commerce,  has  the  right  to  enjoy  the  natural  waters  and 
the  air  which  passes  over  them,  so  far  as  life  and  health  are  affected 
by  these  elements,  in  a  condition  so  near  that  in  which  nature  left 
them  that  their  Use  will  not  de^stroy  nor  threaten  life  nor  injure 
health. 

And,  reciprocally,  the  public,  and  each  member  of  it,  is  charged 
with  the  duty  not  to  pollute  the  natural  waters  upon  which  the  com- 
munity depends  for  life  and  health  in  any  manner  that  will  render 
the  continued  use  of  the  w^aters,  or  of  the  air  which  passes  over  them, 
destructive  of  or  injurious  to  the  life  or  health  of  the  conununity. 

PUBLIC  RIGHTS  AND  DUTIES    ENFORCED  BY  STATUTE. 

The  rights  and  duties  attempted  to  be  expressed  under  III  have 
received  some  recognition  by  the  courts  apart  from  statutory  enact- 
ments. They  have  been  enforced  chiefly,  however,  through  legisla- 
tion. These  rights  and  duties  have  received  full  recognition,  and  an 
active  effort  has  been  made  to  provide  an  efficient  sanction  for  their 
enforcement  by  the  legislatures  of  all  the  States  included  in  Class  II 
and  Class  III,  as  hereinbefore  stated.  These  classes  include  thirty- 
eight  of  the  States  and  Territories. 

These  statutes,  not  being  in  derogation  of  common-law^  rights,  have 
l>een  construed  as  remedial  statutes  and  not  unconstitutional,  although 
in  some  .cases  they  may  seem  to  interfere  with  prescriptive  rights. 
No  one  can  acquire  by  prescription  a  right  to  do  an  act  which  men- 
aces public  health  or  destroys  public  comfort. 

PROGRESS  OF  LEGISLATION. 

It  will  have  been  noticed  that  public  opinion,  as  expressed  in  public 
laws,  is  steadily  progressing  in  the  direction  of  a  full,  conij)lete,  and 
comprehensive  enforcement  of  all  the  rights  and  duties  of  riparian 
owners,  of  municipal  corporations,  and  of  the  public,  as  summarized 
above.  Each  advance  in  statutory  regulation  is  an  advance  in  that 
direction,  and  more  esijecially  in  the  direction  of  regulating  and 
enforcing  public  rights  and  municipal  rights  and  duties. 
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Private  owners,  from  time  !.^^cmorial,  have  be^i  active  in  pro- 
tecting their  riparian  ri^ts  as  against  other  private  owners.  But  the 
effect^.of  pollution  upon  public  health  has  not,  until  a  comparatiyely 
recent  period,  been  brought  prmninently  into  notice.  The  polladoD 
of  streams  by  cities  and  private  persons  has,  accordingly,  not  reoeiTed 
the  attention  which  it  deserved.  Tliis  state  of  affairs  is  now  rapidly 
passing  away.  Courts  have  shown  themselves  fully  alive  to  the 
existence  and  Validity  of  public  rif^ts  in  that  respect,  and  the  legis- 
latures in  Class  in,  ccmiprising  the  Stat^  of  Connecticut,  Ma^- 
chusetts.  New  Hampshire,  New  York,  New  Jersey,  Minnesota,  Ver- 
mont, and  Pennsylvania,  whidi  has  come  into  this  class  by  l^^islatioD 
enacted  in  1905,  have  made  enactments  calculated  so  to  control  such 
pollution  as  eventually  to  prevent  all  danger  to  public  health. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-supply  Paper  No.  152.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1) 
Annual  Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5) 
Mineral  Resources,  (6)  V\  ater-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas 
of  United  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United 
States — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Most  of  the  above  publi(»tions  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  allotted  to  every  member  of  Congress,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  CJopies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  laige  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  £,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 
fltorage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 
gations; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  twelfth  in  Series  L,  the  complete  lists  of  which  follow.  (PP= 
Professional  Paper,  B= Bulletin,  WS= Water-Supply  Paper.) 

Series  L— Quality  op  Wateb. 

W8     8.  Sewage  irrigation,  by  G.  W.  Rafter.    1897.    100  pp.,  4  pis.    (Out  of  stock.) 

WS   22.  Sewage  irrigation,  Pt.  II,  by  G.  W,  Rafter.    1899.    100  pp.,  7  pis.    (Out  of  stock.) 

WS  72.  Sewage  pollution  near  New  York  City,  by  M.  O.  Leighton.    1902.    75  pp.,  8  pis. 

WS   76.  Flow  of  rivers  near  New  York  City,  by  H.  A.  Pressey.    1908.    108  pp.,  13  pis. 

WS   79.  Normal  and  polluted  waters  in  northeastern  United  States,  by  M.  O.  Leighton.    1903.    192  pp., 

15  pis. 
Ws  103.  Review  of  the  laws  forbidding  pollution  of  inland  waters  in  the  United  States,  by  £.  B. 

Goodell.    1904.    120  pp. 
Ws  108.  Quality  of  water  in  the  Susquehanna  River  drainage  basin,  by  M.  O.  Leighton,  with  an 

introductory  chapter  on  physiographic  features,  by  G.  B.  Hollister.    1904.    76  pp.,  4  pis. 
Ws  113.  Strawboard  and  oil  wastes,  by  R,.  L.  Sackett  and  Isaiah  Bowman.    1905.    62  pp.,  4  pis. 
Ws  121.  Preliminary  report  on  the  polluttoii  «f  Lake  Champlain,  by  M.  O.  Leighton.    19a5.    119  pp., 

13  pis. 
Ws  144.  The  normal  distribution  of  chlorine  in  the  natural  waters  of  New  York  and  New  England, 

by  P.  D.  Jackson.    1906.    31  pp.,  5  pis. 
Ws  151.  Field  assay  of  water,  by  M.  O.  Leighton.    1905.    77  pp.,  4  pis. 

Ws  152.  A  review  of  the  laws  forbidding  pollution  of  inland  waters  in  the  United  States,  second 
edition,  by  E.  B.  Goodell.    1905.    149  pp. 

Correspondence  should  be  addressed  to 

The  Director, 

United  States  Geological  Survey, 
Washington,  D. 
October,  1905. 
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